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INTRODUCTION. 


For  some  j^ears  the  need  has  been  felt  at  the  Harvard  College  Observatory 
of  some  means  of  making  a  more  prompt  announcement  of  the  results  of  its  work. 
It  is  proposed  therefore  to  issue  a  series  of  circulars,  as  required,  to  announce  any 
matters  of  interest,  such  as  discoveries  made  here,  the  results  of  recent  observations, 
new  plans  of  work,  and  gifts  or  bequests.  It  is  not  proposed  to  give  these  circulars 
a  wide  distribution,  but  rather  to  use  them  as  a  means  of  bringing  new  facts  to  the 
attention  of  the  editors  of  astronomical  and  other  periodicals,  and  thus  secure  the 
immediate  publication  of  such  portions,  as  would  be  of  interest  to  the  readers  of 
these  periodicals.  The  distribution  will  be  made  without  charge  to  such  persons 
as  will  be  likely  to  use  the  results.  Editors  who  have  published  extracts  from  the 
circulars  and  de.sire  their  continuance  are  requested  to  signify  this  by  sending  to 
this  Observatory  marked  copies  of  the  publications  in  which  the  extracts  appear. 

A  NEW  STAR  IN  CARINA. 

From  an  examination  of  the  Draper  Memorial  photographs  taken  at  the 
Arequipa  Station  of  the  Observatoi-y,  Mrs.  Fleming  has  discovered  that  a  new 
star  appeared  in  the  constellation  Carina  in  the  spring  of  1895.  A  photograph, 
B  13027,  taken  on  April  14,  1895,  with  an  exposure  of  60  minutes,  shows  a  peculiar 
spectrum  in  which  the  hydrogen  lines  H^,  Hy,  Hs,  He,  and  H^  are  bright,  and  the  last 
four  of  these  are  accompanied  by  dark  lines  of  slightly  shorter  wavelength.  A 
conspicuous  dark  line  also  appears  about  midway  between  Hy  and  Hs.  A  compari- 
son of  the  spectrum  of  this  star  with  that  of  Nova  Aurigae  and  Nova  Normae  shows 
that  all  three  closely  resemble  each  other  and  are  apparently  identical  in  their 
essential  features.  Another  photograph  taken  on  June  15  with  an  exposure  of  60 
minutes  shows  a  change  in  the  spectrum  of  this  object.  The  hydrogen  lines  H/3, 
Hy,  and  Hs,  are  still  bright  although  the  continuous  spectrum  is  very  faint.  Another 
line  whose  wavelength  is  about  4700  is  here  as  bright  as  the  hydrogen  lines.  On 
the  photograph  taken  on  April  14  it  is  barely  vi.-^ible. 


CIRCULAR     NO.  1. 

An  examination  was  next  made  of  all  the  photographs  of  the  region  containing 
this  star.  On  sixty-two  plates,  the  first  taken  on  May  17,  1889,  and  the  last  on 
March  5,  1895,  no  trace  of  the  star  is  visible,  although  on  some  of  them  stars  as 
faint  as  the  fourteenth  magnitude  are  clearly  seen.  The  exposures  of  these  plates 
varied  from  10  to  242  minutes.  On  nine  plates,  the  first  taken  on  April  8  and  the 
last  on  July  1,  1895,  the  star  appears  and  its  photographic  brightness  diminishes 
during  that  time  from  the  eighth  to  the  eleventh  magnitude.  This  star  precedes 
A.  G.  C.  15269  (photometric  magnitude  5.47)  0™.5,  and  is  0'.7  north.  Its  approxi- 
mate position  for  1900  is  therefore  in  R.  A.  11''  3"'.9,  Dec.  — 61"  24'.  Two  stars 
of  the  eleventh  magnitude  are  near  the  Nova.  One  is  nearly  north,  110"  distant, 
the  other  is  80"  .south  preceding. 

EDWARD  C.  PICKERING, 
October  30,  1895. 


Harvard  Colle&e  Observatory. 
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variable  star  clusters. 

Professor  Solon  L  Bailey,  in  charge  of  the  station  at  Arequipa,  maintained  bj 
this  Observatory,  has  discovered  from  an  examination  of  the  photographs  obtained  by 
him  of  certain  globnlar  clusters  that  they  contain  an  extraordinary  number  of  variable 
stars.  This  is  not  a  general  condition  of  stellar  clusters,  however,  for  in  others 
similarly  examined  by  Professor  Bailey  no  varialjle  stars  have  been  found.  The 
photographs  used  in  this  discussion  were  taken  at  Arequipa  with  the  13  inch  Boyden 
Telescope.  In  the  cluster  in  Canes  Venatici,  Messier  3  (N.  G.  C.  5272),  no  less  than 
eightj'-seven  stars  have  been  proved  to  be  variable  from  an  examination  of  fifteen 
photographic  plates.  The  change  in  every  case  is  certain,  and  has  been  confirmed 
independently  by  Mrs.  Fleming  and  the  writer  from  an  examination  of  six  of  these 
plates.  Sometimes  the  variation  amounts  to  two  magnitudes  or  more,  and  some- 
times it  does  not  exceed  livlf  a  magnitude  on  the  platen  which  were  used  for  its 
confirmation.  No  star  was  included  in  this  count  if  either  of  the  three  observei-s 
doubted  the  variation.  Nine  other  stars  were  found  to  be  variable  by  Mr.  Bailey, 
but  they  are  not  included  since  they  did  not  show  sufficient  change  on  the  plates 
used  in  confirmation.  In  like  manner,  from  an  examination  of  seventeen  plates,  Mr. 
Bailey  found  forty-six  variables  in  the  cluster  Messier  5  (N.  G.  C.  5904)  which  were 
confirmed  on  five  plates.  Fourteen  other  stars  in  this  clu-^ter  are  also  probably  vari- 
able but  have  not  yet  been  confirmed.  This  cluster  is  frequently  described  as 
5  M  Librae,  probably  following  Smyth.  It  is  actually  in  Serpens,  and  very  near 
5  Serpentis.  Two  variable  stars  have  been  confirmed  in  N.  G.  C.  7089  from  an 
examination  of  six  plates,  three  in  N.  G.  C.  7099  from  five  plates,  five  with  small 
range  in  N.  G.  C.  362  from  three  plates,  and  four  in  N.  G.  C.  6656  from  three  jilates. 
On  the  other  hand,  a  similar  examination  of  two  plates  of  each  of  the  clusters  N.  G.  C. 
6218,  6397,  6626,  6705,  and  6752  failed  to  detect  a  single  variable  star,  several 
hundred  stars  in  each  case  apparently  having  exactly  the  same  brightness  on  both 
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plates.  As,  however,  these  plates  were  taken  within  a  few  days  of  each  other,  only 
variable  stars  of  short  period  could  have  been  detected  on  them.  In  general,  no 
variables  have  been  found  within  about  one  minute  of  the  centre  of  the  clusters  on 
account  of  the  closeness  of  the  stars.  None  of  these  variables  are  more  than  ten 
minutes  distant  from  the  centres  of  the  clusters.  In  N.  G.  C.  5904  a  circle  110"  in 
diameter  contains  sixteen  stars,  six  of  which,  or  nearly  forty  per  cent,  are  variable. 
In  the  entire  cluster  about  750  stars  were  examined  and  46  found  to  be  variable, 
as  above  stated,  so  that  they  form  about  six  per  cent  of  the  whole.  Of  all  the  stars 
visible  to  the  naked  eye  less  than  one  per  cent  are  variable. 

In  1890  Mr.  Packer  discovered  two  variable  stars  in  the  cluster  N.  G.  C.  5904. 
(English  Mechanic,  Vol.  LI,  378,  Sidereal  Messenger  IX,  380,  381 ;  X,  107.)  One  of  • 
these  variables  was  discovered  independently  by  Mr.  Bailey  but  is  not  included  in  the 
above  lists.  Several  stars  in  this  cluster  were  thought  to  be  variable  by  Mr.  Common 
(Monthly  Notices,  L,  517;  LI,  226).  One  of  them  is  too  near  the  centre,  the  others 
too  distant  to  be  included  in  the  above  discussion.  The  variable  star  discovered  in 
the  cluster  N.  G.  C.  5272  by  the  writer  in  1889  is  also  too  near  the  centre  to  be 
included. 

Some  of  these  variable  stars  have  short  periods,  not  more  than  a  few  hours. 
For  instance,  one  of  them.  No.  12,  which  precedes  the  centre  of  N.  G.  C.  5904  by 
about  three  minutes  of  arc.  Five  photographs  of  this  cluster  were  taken  on  July  1, 
1895,  at  intervals  of  an  hour.  The  corresponding  magnitudes  of  the  variable  as 
derived  from  these  plates  are  14.3, 13.5,  13.8,  13.9,  and  14.3.  Four  plates  taken  on 
August  9, 1895,  also  at  intervals  of  an  hour  gave  the  magnitudes  14.2,  14.6,  14.8  and 
15.0. 

Right  ascensions  and  declinations  cannot  conveniently  be  used  for  indicating  the 
individual  stars  in  close  clusters.  They  can  only  be  found  readily  from  photographic 
or  other  charts  on  which  they  are  marked.  Such  charts  are  now  being  prepared  for 
publication  in  the  Annals  of  the  Observatory.  Meanwhile  marked  photographs  will 
be  sent  to  such  astronomers  as  may  wish  to  study  them. 

EDWARD  C.  PICKERING. 

November  2,  1895. 


Harvard  College  Observatory. 
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NEW  VARIABLE  STAR  OF  THE  ALGOL  TYPE. 

The  star  B.  D.  +  17°  J:3G7,  uiagn.  9.1,  whose  approximate  position  for  1900  is  in 
R.  A.  20''  o3"M,  Dec.  +  17°  56',  appears  to  be  a  variable  star  of  tlie  Algol  type.  On 
July  18, 1895,  Miss  Louisa  D.  Wells  found  that  no  trace  of  this  star  appeared  on  the 
photograph  I  4359,  taken  with  the  8  inch  Draper  telescope  on  September  26,  1891, 
exposure  16  m.  On  71  other  plates  taken  from  June  30,  1890  to  October  5,  1895, 
the  star  appears  of  its  normal  brightness.  On  December  12,  1895,  at  10''  42™ 
Greenwich  Mean  Time,  Professor  Arthur  Searle,  who  had  watched  this  star  on 
several  nights,  found  it  more  than  a  magnitude  fainter  than  usual.  During  the 
next  half  hour  it  diminished  about  half  a  magnitude  more.  Meanwhile,  a  photo- 
graph taken  with  the  8  inch  Draper  telescope,  I  14036,  confirmed  the  diminution  in 
light.  Unfortunately,  at  IP  15'"  G.  M.  T.,  clouds  covered  the  region,  and  the  star, 
although  carefully  looked  for,  was  not  seen  again  that  evening.  The  change  in 
brightness  appears  to  be  rapid  and  the  range  of  variation  to  be  large,  exceeding  two 
magnitudes.  The  nearest  bright  star  is  B.D.  +  17"  4370,  magn.  7.0,  which  follows 
14*  and  is  south  1'.  The  variability  of  B.  D.  +  17"  4370  has  been  suspected  by  Espin 
(English  Mechanic,  Vol.  LXII,  334)  and  also  independently  by  Mrs.  Fleming 
in  1890. 

EDWARD  C.  PICKERING. 
December  13,  1895. 


Habyard  College  Obseryatory. 
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A   NEW   STAR   IN   CENTAURUS. 


A  new  star  in  the  constellation  Centaurns  was  found  by  Mrs.  Fleming  on 
December  12,  1895,  from  an  examination  of  the  Draper  Memorial  photographs. 
Its  approximate  position  for  1900  is  in  K.  A.  13'' 34"'.3.  Dec. —  31"  8'.  Attention 
was  called  to  it  from  the  peculiarity  of  the  spectium  on  Plate  B  14151,  taken  at 
Arequipa  on  July  18,  1895,  with  the  Bache  Telescope,  exposure  52  m.  The  spectrum 
resembles  that  of  the  nebula  sni'rounding  30  Doradus,  and  also  that  of  the  star 
A.  G.  C.  20937,  and  is  unlike  that  of  an  ordinary  nebula  or  of  the  new  stars  in 
Auriga,  Norma,  and  Carina.  This  object  is  very  near  the  nebula  N.  G.  C.  5253, 
yiyt  which  follows  1'''.28,  and  is  north  23".  No  trace  of  it  can  be  found  on  55  plates 
taken  from  May  21,  1889,  to  June  14,  1895  inclusive.  On  July  8,  1895,  it  appeared 
on  a  chart  plate,  B  13965,  and  its  magnitude  was  7.2.  On  Plate  B  10472  taken 
July  10,  1895,  its  magnitude  was  also  7.2.  On  December  16,  1895,  a  faint  photo- 
graphic image  of  it.  magnitude  ]0.9,  was  obtained  with  the  11  inch  Draper  Telescope, 
although  it  was  very  low,  faint,  and  near  the  sun.  On  this  date,  and  on  December  19, 
it  was  also  seen  by  Mr.  O.  C.  Wendell  with  the  15  inch  Equatorial  as  a  star  of  about 
the  eleventh  magnitude.  An  examination  with  a  prism  showed  that  the  spectrum 
was  monochromatic,  and  closely  resembled  that  of  the  adjacent  nebula.  Although 
the  spectrum  is  unlike  those  of  the  new  stars  in  Auriga,  Norma,  and  Carina,  yet 
this  object  is  like  them  in  other  respects.  All  were  very  faiut  or  invisible  for 
several  years  preceding  their  first  known  appearance.  They  suddenly  attained  theii' 
full  brightness  and  soon  began  to  fade.  Like  the  new  stars  in  Cygnus,  Auriga,  and 
Nornui,  this  star  appears  to  have  changed  into  a  gaseous  nebula. 

The  star  which  was  photographed  in  1887  in  the  constellation  Perseus  appar- 
ently belongs  to  the  same  class.  Its  approximate  position  for  1900  was  in  R.  A. 
l''  55"'.l,  Dec.  +  56"  15'.  Eight  images  of  it  were  obtained  on  the  Draper  Memorial 
photographs  in  1887,  all  in  exactly  the  same  place.  Its  photographic  spectrum 
showed  the  hydrogen  lines  H/J,  Hy,  He,  and  a  line  near  4060,  bright,  and  from  this 
property  it  was  discovered  by  Mrs.  Fleming  and  assumed  to  be  an  ordinary  variable 
star  of  long  period.       The  spectrum  is  so  faint  that  it  is  impossible  to  decide  from  it 
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whether  it  should  be  regarded  as  a  new  star  of  the  class  of  Nova  Aurigae,  or  as  a 
variable  star  of  long  period  like  oCeti,as  the  hydrogen  lines  are  l)right  in  both  these 
classes  of  objects.  This  star  soon  faded  away  and  does  not  appear  onSl  photographs 
taken  during  the  last  eight  years.  It  has  also  been  repeatedly  looked  for  in  the 
sky  without  success.  No  trace  of  this  star  appears  on  two  photogi-aphs  taken 
November  3,  1885,  and  December  21,  1886. 

A  list  of  the  new  stars  hitherto  discovered  is  given  in  the  annexed  table.  Some 
changes  would  occur  in  it,  if  changes  were  made  in  the  detinition  assumed  for  this 
class  of  objects.  Early  observations  of  several  objects  frequently  called  new  stars, 
but  which  may  have  been  comets,  and  whose  positions  are  uncertain,  have  not  been 
included.  The  stars  T  Bootis  and  U  Scorpii  have  not  been  included,  although  they 
also  may  be  new  stars,  as  only  one  appearance  of  each  has  been  noted.  The  name 
of  the  constellation  is  followed  by  the  right  ascension  and  declination  for  1900, 
and  the  greatest  brightness.  The  year  of  appearance  is  followed  by  the  name  of  the 
discoverer;  or.  in  the  case  of  tlie   earlier  stars,  of  the   principal  observer. 

NEW   STARS. 


UONSTELLATION. 

R.  A.  1900. 

Dec.  ISIOO. 

Magn. 

Year. 

DlSCi.VKHEK. 

Cassiopeia 

h       m 
0    19.2 

+  63    36 

—  5? 

1572 

Tycho  Brah6 

Cvgiius 

20    14.1 

+  37   43 

3 

1600 

Janson 

Opliiuclius 

17    24. G 

'     —21    24 

—  4.^ 

1604 

Kepler 

Vulpecula 

19    43.5 

+  27      4 

3 

1670 

Anthelm 

Ophiuelius 

16    53.9 

—  12    44 

.') 

1848 

Hind 

Scorpius 

16    11.1 

—  22    44 

7 

1860 

An  wars 

Corona  Borealis 

15    55.3 

+  26    12 

2 

1866 

Birmingham 

Cygniis 

21    37.8 

+  42    23 

3 

1876 

Schmidt 

Andromeda 

0    37.2 

+  40    43 

7 

1885 

Hartwig 

Perseus 

1    55.1 

+  56    15 

9 

1887 

Fleming 

Auriga 

5    25.6 

+  30    22 

4 

1891 

Anderson 

Norma 

15    22.2 

—  50    14 

7 

1893 

Fleming 

Carina 

11      3.9 

—  61    24 

8 

1895 

Fleming 

Centaiirus 

13    34.3 

—  31      8 

" 

1895 

Fleming 

THE    NEW   ALGOL    VARIABLE   IN    DELPHINUS. 

The  variable  star  of  the  Algol  type,  B.  D  .+  17  4307,  in  the  constellation  Delphi- 
nus,  announced  in  Circular  No.  3,  was  again  found  to  be  faint  by  Professor  Searle  on 
December  17,  1895.  From  a  discus.sion  of  the  photographic  and  visual  measure- 
ments so  far  made,  it  appears  that  its  period  is  about  4''  19''  21"'.2,  and  that  it  wdl 
again  become  fainter  than  the  eleventh  magnitude  from  11''. 0  to  15''. 8,  Greenwich 
Mean  time,  on  January  5,  1896. 
December  20,  1895.  EDWARD  C.  PICKERING. 


Harvard  College  Observatory.  '"* 
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WELLS'   ALGOL   VARIABLE. 

A  minimum  of  the  Algol  star,  B.  D. -(- 17"^  4367.  occurred,  as  predicted  in  Cir- 
cular No.  4,  on  the  afternoon  of  January  5,  1896.  Through  the  courtesy  of  Professor 
Young,  observations  were  obtained  at  Princeton  by  Professor  Taylor  Reed,  with  the 
23  inch  equatorial.  It  was  also  ob.served  by  Mr.  W.  M.  Reed  at  Audover.  Prepara- 
tions had  been  made  at  this  Observatory  to  obtain  a  series  of  photographic  images  of 
it  automatically,  each  having  an  exposure  of  five  minutes,  to  observe  it  photometri- 
cally with  the  15  inch  equatorial,  and  also  visually  with  the  12  and  6  inch  equatorials. 
Unfortunately,  owing  to  clouds,  few  observations  were  obtained,  but  these  fterve  to 
show  that  the  star  was  faint  and  diminishing  in  brightness  as  expected.  Similar 
preparations  were  made  for  the  next  minimum,  January  10,  but  again  clouds  pre- 
vented observation. 

The  observations  so  far  obtained  show  that  its  time  of  minimum,  uncorrected 
for  the  velocity  of  light,  can  be  closely  represented  by  the  foi-mula  J.  D.  2412002.500 
+  4.8064  E.  The  uncertainty  in  the  period  does  not  exceed  a  few  seconds,  and 
will  probably  be  known  within  a  single  second  as  soon  as  the  form  of  light  curve  is 
determined.  For  nearly  two  hours  before  and  after  the  minimum  it  is  fainter  than 
the  twelfth  magnitude.  It  is  impossible,  at  present,  to  say  how  much  fainter  it 
becomes  or  whether  it  disajjpears  entirely.  It  increases  at  first  very  rapidly  and 
then  more  .slowly,  attaining  its  full  brightness,  magnitude  9.5,  aboat  five  hours 
after  the  minimum.  One  hundi'ed  and  thirty  photographs  indicate  that,  during  the 
four  days  between  the  successive  minima,  it  does  not  vary  more  than  a  few  hun- 
dredths of  a  magnitude.  The  variation  may  be  explained  by  assuming  that  the  star 
revolves  around  a  comparatively  dark  body  and  is  totally  eclipsed  by  it  for  two  or 
three  hours,  the  light  at  minimum,  if  any,  being  entirely  that  of  the  dark  body. 
The  conditions  resemble  those  of  U  Gephei,  which  appears  to  be  totally  eclipsed  by  a 
relatively  dark  body  two  and  a  half  magnitudes  fainter  than  itself,  but  having  a 
diameter  at  least  one  half  greater.  The  variation  in  light  of  B.  D.  ~\-  17"  4367  is 
more  rapid  than  that  of   any    other  star  hitherto  discovered,   and  as    its   range    is 
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greater  than  that  of  any  known  star  of  the  Algol  type,  its  form  of  light  curve  can  be 
determined  with  corresponding  accuracy.  U  Cephei  is  second  in  both  these 
respects. 

THE   NEW    STAR    IN    CENTAURUS. 

In  Circular  No.  4,  insert  '-it"  before  -'follows"  in  the  ninth  line.  This  word 
was  given  correctly  in  the  printei-'s  copy,  but  was  omitted  in  setting  the  type.  The 
correction  was  telegraphed  to  those  astronomers  who,  it  was  expected,  would  use 
it.  The  Nova  follows  the  nebula  N.  G.  C.  5253,  and  is  north  of  it.  The  nebiila 
is  assumed  to  be  C.  DM.  —31°  10536,  magn.  9.5,  with  which  it  was  originally 
identified.  As  seen  with  a  low  power  the  nebula  cannot  readily  be  distinguished 
from  a  star.  Its  magnitude  on  the  Cordoba  scale  by  comparison  with  adjacent 
stars  was  estimated  by  Mr.  Wendell  as  9.7,  and  it  could  liardly  have  been  overlooked 
in  preparing  the  Cordoba  Durchmusterung,  in  which  many  adjacent  fainter  stars 
are  given.  The  new  star  could  not  have  been  observed  at  Cordoba  unless  we 
assume,  first,  that  it  w^as  bright  at  that  time,  although  invariably  too  faint  to  be 
photographed  on  fifty  nights  distributed  over  six  years,  and  secondly,  that  the 
nebula  was  overlooked  at  Cordoba  while  observing  fainter  objects  in  the  same 
region.  Even  if  we  make  these  assumptions,  the  new  star  still  falls  in  the  same 
class  as  T  Coronae,  which  was  observed  in  the  northern  Durchmusterung  several 
years  preceding  its  appearance  as  a  new  star. 

The  various  positions  of  N.  G.  C.  5253  for  1875  are  as  follows  :  — 

Dreyer's  New  General  CJatalogue  R.  A.  =  13"  32'"  5P      Dec.  =  —31°  0'.2 
Cordoba  Durchmusterung  R.  A.  =  13''  32"'  49»-.6  Dec.  =  — 31"  0'.3 

Plate  B  13965  R.A.=  13"  32'"  50--.2  Dec.  =  —31°  0'  23" 

Plate  B  14072  R.  A.  =  13"  32'"  50'.0  Dec.  =  —31°  0'  21" 

The  positions  of  the  Nova  derived  from  these  plates  differ  from  each  other  by 
only  OM  in  right  ascension  and  1"  in  declination.  The  mean  position  for  1875  is 
R.A.  =  13"  32'"  5P.8  Dec.  =—30"  59'  58".  It  will  be  noticed  that  according 
to  these  measures,  the  Nova  follows  N.  G.  C.   5253  by  1*.7,  and  is  24"  north. 

EDWARD  C.  PICKERING. 
January  31,  1896. 


a^ 


Haryard  College  Observatory. 
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NEW  VARIABLE  STARS. 
An  examination  of  the  Henry  Draper  Memorial  photographs  of  steHar  spectra 
by  Mrs.  Fleming  has  led  to  tlie  discovery  of  fourteen  new  variable  stars  of  long 
period,  in  addition  to  those  previously  announced.  The  spectrum  of  the  fifth  star 
in  the  following  list  is  of  the  fourth  type.  All  of  the  others  have  spectra  of  the 
third  type,  having  also  the  hydrogen  lines  bright,  and  it  was  this  peculiarity  which 
led  to  their  discovery.  The  variability  has  been  shown  by  comparison  of  a  large 
number  of  photographs,  and  the  variation  has  been  confirmed  in  each  case  by  the 
writer.  The  following  table  gives  the  constellation,  the  catalogue  designation  of  the 
star,  the  approximate  right  ascension  and  declination  for  1900,  the  number  of  plates 
examined,  the  photographic  magnitude,  when  brightest  and  faintest  as  derived  from 
these  plates,  and  the  epoch  and  period  as  obtained  from  the  material  now  available. 
The  epoch  is  expressed  in  Julian  Days  omitting  the  constant  2410000.  It  is 
needless  to  caution  astronomers  that  these  elements  cannot  safely  be  used  to  pre- 
dict future  maxima  with  accuracy.  They  generally  represent  the  photographic 
magnitudes  during  the  last  eight  years,  with  an  average  deviation  of  one  or  two 
tenths  of  a  unit.  As,  however,  the  periods  and  light  curves  in  many  cases  change, 
the  true  law  can  be  determined  only  from  long  series  of  observations.  The  date  of 
the  next  maximum,  as  indicated  by  the  formula,  is  given  in  the  final  column. 


Constellation. 

Designation. 

R.  A. 

Dec. 

No. 

M 

AGN. 

Epoch. 

Period. 

Maxuium. 

1900. 

1900. 

Plates. 

Br. 

Ft. 

h.      m 

1896. 

Sculptor  .    .    . 

—39°   16 

0     3.6 

—39° 

47 

43 

8.9 

<12.1 

165 

295 

May   25. 

Cohiiiilia     .   . 

A.G.C.  6135 

5  15.6 

—33 

48 

24 

7.6 

11.3 

134 

225 

June  23. 

Caiiis  Minor 

7     1.5 

+   9 

1 

40 

10.3 

<13.7 

174 

364 

Se'pt.   11. 

Viigo    .... 

+  5°  2708 

12  57.6 

+   5 

43 

51 

8.8 

9.7 

. 

A pus     .... 

14  59.3 

—  71 

40 

58 

9.0 

<11.4 

Sagittarius     . 

—33°  13234 

18  21.4 

—33 

23 

48 

8.2 

12.3 

267 

316 

July  2. 

Sagittarius     . 

—19°  5347 

19     8.1 

—19 

2 

47 

9.7 

11.1 

Sagittarius     . 

19     8.7 

—18 

59 

48 

9.9 

<13.3 

Pavo     .... 

19  39.5 

—72 

1 

66 

7.6 

12.1 

156 

243 

Aug.  29. 

Microsi^opiuni 

A.G.C.  28038 

20  21.8 

—28 

35 

49 

7.4 

8.4 

Pavo     .... 

20  47.2 

—63 

5 

43 

9.6 

<12.3 

Grus     .... 

—38°  15044 

22   19.9 

—38 

4 

57 

8.6 

11.0 

Grus     .... 

22  19.9 

—48 

57 

48 

7.2 

12.3 

90 

400 

M.iy    10. 

Aquarius     .   . 

—16"  6379 

23  47.1 

-16 

25 

42 

8.2 

9.3 

The  third  of  these  stars  is  near  the  border  of  Monoceros. 

—  33°  13234  was   suspected    of    variability    by    Dr.  Thome    (Annals    Cordoba 
Observatory,  Vol.  XVII,  p.  xiii). 

A.  G.  C.  28038  is  in  Sagittarius  according  to  the  Uranometria  Nova  and  Heis. 

March  10,  1896.  EDWARD  C.  PICKERING. 


Hakvaed  College  Observatory. 


s.-^ 
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TEN    NEW    VARIABLE   STARS. 

The  t'ollowing  list  of  new  variable  stars  includes,  as  described  below,  three  whose 
variability  was  discovered  or  suspected  elsewhere  aud  lias  been  confirmed  at  this 
Observatory.  The  successive  columns  give  the  name  of  the  constellation,  the  desig- 
nation in  the  Durchmusterung  Catalogues,  the  approximate  right  ascension  and 
declination  for  1900,  the  number  of  plates  examined,  the  magnitude  when  lirightest 
and  when  faintest  as  derived  from  the  photograjjhic  charts,  and  the  authority  for  the 
variation,  the  letters  H.  C.  0.  indicating  that  the  variation  was  found  at  this 
Obsei-vatory. 


VIEI.I.ATIO 


Horologium 
Caiiis  Minor 
Pjxis  .  .  . 
Hy.hii  .    .   . 

Ci-ntauiLis  . 
Lil)r;i     .    .    . 
Scorpius 
Cor.  Austr. 
Sagittarius 
Sc'iilptoi'  .   . 


+  5° 
—24° 
■22° 

—vr 

—3;-)° 
—37° 
—33° 
—30° 


1797 
7693 
76.52 

4047 

11829 

12782 

14076 

19448 


K 

.  A. 

1001). 

h. 

m 

2 

22.4 

7 

43.4 

9 

0.7 

9 

46.4 

11 

16.1 

15 

6.5 

17 

35.7 

18 

34.3 

19 

10.0 

23 

3.7  1 

liHIO. 


—60 


0' 

■  5  40 
-24  41 
-22  32 
-61  20 
-19  25 
-35  12 
-37  56 
-33  42 
-30    41 


Plates.'     Br. 


Ft. 


21 
42 
13 
32 

70 

31 

67 
89 
47 


9.7 
10.3 
8.9 
8.2 
9.2 

10.7 
8.9 
6.1 

8.0 


<12.7 
11.3 
11.1 
10.1 

<12.9 

11.6 

<11.8 
<11.3 

8.9 


H.  C.  O. 
H.  C.  O. 
Thome. 
H.  C.  O. 
H.  C.  O. 
H.  C.  O. 
H.  C.  O. 
H.  C.  O. 
Markwicli 
H.  C.  O. 


The  first  star,  R.  A.  2''  21'"  39\  Dec.  —60"  8'.  0  (1870),  has  a  period  somewhat 
greater  than  oOO  days. 

The  second  star,  -[-  5"  1797,  was  faint  on  two  plates  taken  in  1886,  and  on  the 
photographs  taken  since  then  shows  variations  which  though  stnall  appear  to  be  real. 

The  third  star, —  24"  769.3,  was  suspected  of  varialnlity  by  Thome.  (Annals 
Cordoba  Observatory,  Vol.  XVI.,  p.  xxxvui.)  As  lie  distinguished  this  star  by  an 
exclamation  mark  photographs  of  it,  and  of  .six  others  similarly  marked,  were 
examined  hiu-e  by  Miss  E.  F.  Lidand  and  the  variability  of  this  star  was  established. 

The  fourth  star, —  22"  7652,  was  found  by  Miss  L.  D.  Wells  from  a  comparison 
of  two  chart  plates  in  her  search  for  stars  having  large  parallaxes,  proper  motions, 
or  variations  in  light.  This  star  has  been  suspected  of  variability  by  Espin  and 
Thome.     Their  nan)es.  however,  are  not  included   in   the  above   table  since  almost 
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all  red  stars  have  been  suspected  of  variability,  and  attempts  to  confirm  suspected 
variables  have  failed  in  a  large  number  of  cases.  It  would  obviously  be  unfair 
when  an  astronomer  publishes  a  long  list  of  suspected  variables  to  regard  him 
as  the  discoverer  of  any  which  on  later  evidence  may  prove  to  be  variable.  It 
is  extremely  improbable  that  the  light  of  the  Sun.  or  of  any  star,  is  absolutely 
constant  although  the  change  is  in  the  great  majority  of  cases  beyond  our  present 
moiins  of  measurement.  If  the  distinction  between  real  and  suspected  variability 
is  not  maintained  the  person  first  stating  that  all  stars  are  variable  might  claim 
the  di-<covery  of  all  variables  subsequently  found.  It  will  be  seen  that  this  star 
stands  on  a  wiiolly  different  basis  from  the  preceding  star  since  in  that  case  the 
variability  suspected  by  Thome  was  the  reason  for  the  further  examination  of  this 
object.  This  star  is  — '2'J.'  2739  in  the  Bann  Southern  Dun^hmusterung.  Its  spec- 
trum  was  found  to  be  of  the  fourth  type  by  Duner. 

Tiie  fifth  star,R.  A.  11''  15'"  T,  Dec. — 61"  IVA  (1875), has  luaxiina  represented 
bv  the  foraiula  J.  D.  2,411,100 -(- 1()2  E.  Tii  •  next  maximum  will  accordingly 
occur  on  Octobei»21,  1890. 

The  sixtli  star, — 19"  1047,  i  Librae,  appears  in  kmv  of  the  catalogues  of  stars 
measured  witli  the  meridian  photometer.  In  Vol.  XI \'  measures  on  seven  nights 
gave  tile  magnitude  4.87.  In  Vol.  XXIV  Table  I,  three  night-*  gave  the  magnitude 
4.-36.  In  Vol.  XXIV  Taljle  IV,  three  nights  gave  the  magnitude  5.02.  and  in 
Vol.  XLIV.  unpublished,  three  nights  gave  the  magnitude  4. -37.  The  discordance 
is  so  great  as  compared  with  that  of  other  stars  contained  in  these  catalogues 
that  variability  of  the  star  seemed  to  the  writer  the  only  reasonable  explanation. 
Accordingly,  visual  observations  were  at  once  undertaken  with  the  meridian 
photometer,  and  also  by  Argelander's  method.  By  the  latter  method,  Mr.  Wendell 
soon  confirmed  its  variability  finding  it  two  grades  fainter  than  e  Librae  on  May 
19,  and  two  grades  brighter  than  the  same  star  on  June  1,  1896. 

The  eighth  star, —  37"  12782,  has  an  approximate  period  of  136  days. 

The  ninth  star, —  33"  14076,  is  a  very  remarkable  object.  It  was  one  of  a  list 
of  42  .stars  suspected  of  variability  sent  heie  for  exaniiiiation  by  Colonel  E.  E.  Mark- 
wick  of  Gibraltar.  A  report  was  sent  to  him  that  an  examination  of  several  photo- 
graphs failed  to  show  any  sign  of  variability.  A  few  days  later  an  object  having  a 
peculiar  spectrum  was  discovered  by  Mrs.  Fleming.  All  the  plates  of  the  region 
were  examined   and   its   variability  established.      It  was  about   to   be   publisheil   in 
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Circular  No.  6,  when  it  w;i?^  founrl  to  be  identical  with  the  star  of  Colonel  Mark- 
wick.  It  wan  accordingly  reported  to  him  for  announcement,  but  he  lias  kindly 
authorized  its  publication  here.  The  photographs  show  that  on  eight  nights  in  the 
summer  of  1889,  o\i  six  nights  in  1890,  on  six  nights  in  1891,  on  five  nights  in  1892, 
on  twelve  nights  during  April,  May,  June,  and  Juh'  of  1893.  the  variation  of  light 
of  this  star  was  comparatively  small  and  irregidar.  Colonel  Markwick's  '  first  two 
observations  on  .July  14  and  19,  1893,  showed  it  of  the  seventh  magnitude  and  a 
little  brighter  than  the  adjacent  star  —  33"  14068.  In  August  he  found  it  fainter 
than  this  star,  and  by  September  12  it  was  invisible  and  below  the  ninth  magnitude. 
A  photograpli  taken  here  on  September  11,  showed  that  it  must  then  have  been  fainter 
than  the  magnitude  9.6  and  on  October  23.  fainter  than  11.3.  Photographs  taken 
on  April  30,  May  30,  July  8,  August  7.  August  10,  September  12,  September  15, 
November  12,  and  November  13,  1894  gave  the  magnitudes  10.9,  10.3,  9.4,  8.6,  8.3, 
7.5,  7.6,  6.4,  and  6.4  re-pectively,  thus  showing  a  nearly  regular  increase  to  its 
normal  brightness,  which  it  retained  with  irregular  variations  on  twenty-seven 
nights  in  1895.  Its  magnitude  on  .June  2,  1896  was  6.7.  Observations  by  Colonel 
Slarkwick.  beginning  on  August  20,  1894,  lead  to  a  similar  result.  The  spectrum 
of  this  .star  is  peculiar,  and  contains  bright  lines  which  show  evidence  of  change. 

The  variation  of  the  tenth  star, —  30"  19448,  is  small  and  irregular. 

The  spectra  of  the  first,  fifth,  eighth,  and  pn)I)ably  the  tenth  stars  are  of  the 
third  type,  having  also  the  hydrogen  lines  bright.  The  second  and  seventh  have 
.spectra  of  the  fourth  type.  These  six  variables  were  found  by  Mrs.  Fleming  in  her 
regular  examination  of  the  Draper  Memorial  photographs. 


MISCELLANEOUS    NOTES. 

A  large  number  of  observations  have  been  made  with  the  meridian  photometer 
to  determine  the  forms  of  light  curve  of  stars  of  the  Algol  type.  S  Antliae  has 
hitherto  been  regarded  as  belonging  to  this  class  and  is  of  interest  from  the  short- 
ness of  its  period,  T'  46'". 8,  and  since  it  was  siid  to  retain  its  full  brightness  for  less 
than  half  of  the  time.  It  is  difficult  to  reconcile  the  last  condition  with  the  theory 
that  the  variation  is  due  to  a  dark  eclipsing  body.  One  hundred  and  sev^enty-seven 
measures,  each    containing    sixteen   photometric  settings  on  S  Antliae  were  made 
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witli  the  meri.lian  photonietor  and  give  eight  normal  jioints.  A  smooth  curve  with 
only  two  points  of  intloction  can  ho  drawn  through  these  normal  points,  the  greatest 
tleviation  l)eing  0.02  magnitudes.  From  this  it  appear.s  that  S  Antliae  is  not  a  star 
..f  tile  Algol  type,  that  its  light  is  continually  changing,  and  that  it  belongs  to  the 
class  of  variables  of  short  period  like  8  Cephei  and  v  Aquilae.  An  interesting 
feature  of  tliis  curve  is  that  the  time  of  increase  occupies  0.62  of  the  entire  time 
of  variation,  the  increase  of  light  being  slower  than  the  diminution. 

r  Pc'Msi  appears  to  be  second  in  this  respect,  since,  according  to  tlie  Astro- 
nomical Journal,  Vol.  XVI,  p.  lOS.  its  time  of  increase  is  O.oo  of  the  entire  time, 
and  that  of  other  short  period  variables  varies  from  0.20  to  0.-33.  On  the  other 
hand,  the  time  of  increase  is  about  0.17  for  No.  18  of  the  variables  discovered  in  the 
cluster  Messier  5.     See  Astron.  Nach.  Vol.  140,  p.  28'). 

The  star  fi  Lyrae  is  connnonly  regarded  as  a  \  ariable  of  short  period  of  tlie 
same  class  as  the  above.  OI)servations  of  its  spectrum,  however,  show  that  two  or 
more  bodie.s,  revolving  round  each  other,  are  present.  The  light  curve  foinid  by 
Ar"-elander  may  be  closely  represented  by  iissuming  that  the  primary  minimum  is 
caused  by  the  eclipse  of  tlie  brighter  l)ody  by  the  fainter,  and  the  secondary  mini- 
mum t»y  a  similar  eclipse  of  tlie  fainter  body  by  the  brighter.  This  star  should 
therefore  be  taken  from  the  class  of  ordinary  short  period  varia))les  and  included 
among  the  stars  of  the  Algol  type. 

Mr.  I5ackhou,se  calls  attention  to  his  announcement  in  "  The  Observatory"  Vol. 
XVII,  p.  402  of  the  variability  of  +0'  939,  announced  in  the  Astrophysical  Journal 
V(j1.  2  p.  198,  and  to  his  observations  which  indicate  a  period  of  not  more  than  a 
year.     Variability  also  suspected  iiy  Es]iin. 

The  variable  star,  R  Microscopii,  is  identical  with  — 29"  17235. 

EDWARD  (J.  PICKERING. 
June  ').  \SW\. 
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COLLECTION   OF   METEOROLOGICAL   WORKS. 

The  meteorological  department  of  the  library  of  Harvard  College  Observatory 
has  become,  by  recent  large  accessions,  the  most  complete  collection  of  meteor- 
ological works  in  this  part  of  the  country.  In  the  early  history  of  the  Observatory, 
many  such  works  were  collected  by  the'first  and  second  directors  of  the  institution, 
Professors  W:  C.  Bond  and  G.  P.  Bond;  and  since  then  the  collection  has  continued 
steadily  to  oicrease.  More  recently,  three  large  additions  have  been  made  to  it; 
the  general  library  of  Harvard  University  has  placed  at  the  Observatory  a  great 
number  of  the  meteorological  works  formerly  kept  at  Gore  Hall;  the  Blue  Hill 
Meteorological  Observatory  has  made  a  similar  transfer;  and  the  New  England 
Meteorological  Society,  which  has  lately  dissolved  its  organization,  has  deposited 
here  the  works  contained  in  its  library,  and  also  the  remaining  copies  of  its  own 
publications.  Accordingly,  applications  for  copies  of  any  of  the  latter  publications 
should  hereafter  be  made  to  Harvard  College  Observatory. 

Special  efforts  are  now  in  progress  to  render  still  more  complete  the  large 
collection  which  has  resulted  from  these  additions.  It  is  desired  to  obtain,  either 
by  gift  or  purchase,  copies  of  the  works  still  wanting.  For  this  purpose,  applications 
have  been  made  to  various  meteorological  institutions  for  such  parts  of  their  publi- 
cations as  are  not  represented  in  the  existing  collection,  and  orders  have  been  given 
for  the  purchase  of  works  which  cannot  probably  otherwise  be  obtained.  It  is 
hoped  that  by  these  means  the  meteorological  department  of  the  library  may  be 
made  so  complete  as  greatly  to  increase  its  present  value  in  aiding  the  studies  of 
meteorologists. 

EDWARD  C.  PICKERING. 
June  18,  1896. 
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STARS   HAVING   PECULIAR   SPECTRA. 

A  list  of  .stars  having  peculiar  spectra  is  given  in  the  annexed  table.  They 
were  all  discovered  bj-  Mrs.  Fleming  in  her  regular  examination  of  the  Draper 
Memorial  photographs.  The  number  of  stars  of  the  third  type  is  so  large,  now 
amounting  to  several  thousands,  that  it  has  not  been  thought  worth  while  to 
announce  them.  Iiut  to  reserve  them  for  a  full  list  of  stars  having  peculiar  spectra 
to  be  published  in  a  volume  of  the  Annals.  In  the  following  table,  the  designation 
of  the  star  in  the  Durchmusterung  catalogues  is  given  in  the  first  column  when  it 
occurs  in  that  work.  The  approximate  right  ascension  and  declination  for  1900  are 
given  in  the  next  two  columns,  followed  by  the  Durchmusterung  magnitude.  The 
fifth  column  gives  the  character  of  the  spectrum,  followed  by  additional  remarks 
when  required. 


Desigxatios. 

K.  A. 

1900. 

Uec. 

1900. 

DJI. 

Magx. 

DeSCRII'TIUX. 

h.      m 

—  8°  lUO'J 

5  17.6 

—  8°  45' 

7.0 

Peculiar. 

7  38.3 

—70      7 

Peculiur. 

10  52.0 

—59    51 

Peculiar.     Resembles  tj  Cariuae. 

—37°  7905 

12  24.0 

—37    42 

8.8 

Type  IV. 

—34°  11675 

17  18.5 

—34      6 

10. 

Type  V.     Gal.  long.  320°  56',  lat.  —0°  30'. 

— 3'J°  12196 

17  58.2 

—39    20 

9.0 

Type  IV. 

18  17.5 

—13    46 

Type  V.     Gal.  loug   345°  14'.  lat.  —1°  34'. 

18  22.2 

—16    53 

Type  V.     Gal.  long.  343°  2',  lat.  —4°  04'. 

—•25°  13170 

18  23.2 

—25    19 

7.G 

Hj3  bright. 

—38°  12843 

18  23.4 

—38    29 

9.5 

Type  IV. 

—  31°  15954 

18  40.0 

—31    28 

9.2 

Peculiar. 

•  -29°  15574 

18  52.4 

—29    38 

8.9 

Peculiar. 

—40°  13448 

19  37.1 

—40    40 

9.0 

Peculiar.     Resembles  r/  Cariuae. 

—  l.s°  5480 

19  40.6 

—18    24 

9.1 

Type  IV. 

+s:>°  332 

19  43.8 

+  85      9 

9.2 

Type  IV. 

20  15.6 

+  16    25 

Gaseous  Nebula.     Gal.  louij.  26°  13',  lat.  — 1 

2°  09'. 

—12°  5755 

20  26.2 

—12    13 

9.2 

Type  IV. 

+   5°  5223 

■23  44.0 

+  5    50 

8.7 

Type  IV. 
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Of  the  seven  stars  whose  spectra  are  here  announced  as  of  Type  IV,  the  first, 
second,  and  seventh  are  normal.  The  spectra  of  the  others  contain  rays  of  much 
shorter  wavelength  than  ordinary  fourtli  t^^pe  stars.  The  spectra  of  two  faint 
objects  announced  as  peculiar  in  the  Astron.  Nach.  Vol.  135,  p.  19-5  have  been  shown 
by  recent  and  bettei'  photographs  to  belong  to  a  different  class  from  that  there  given. 
One  of  these  whose  approximate  position  for  1900  is  R.  A.  17''  38"'.2,  Dec.  — 46°  3' 
announced  as  a  stellar  object  having  the  spectrum  of  a  ga.seous  nebula  proves  to 
have  a  faint  continuous  spectrum  in  which  the  hydrogen  lines  H/j,  Hy,  Hs,  He,  and 
H^  are  bright,  and  the  bright  line  at  5007  is  absent,  so  that  it  more  nearly  resembles 
the  spectrum  of  ,,  Carinae.  The  second  object,  —33"  13537,  R.  A.  18"  39"'.3,  Dec. 
— .3-3"  27'  (1900),  announced  as  of  "the  fifth  type  proves  to  have  the  .spectrum  of  a 
gaseous  nebula. 

EDWARD  C.  PICKERING. 

July  9,  1896. 
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SIX   NEW    VARIABLE    STARS. 

Lists  of  suspected  variable  stars  are  published  in  the  Results  of  the  National 
Argentine  Observatory,  Vol.  XVI,  p.  xxxii,  and  Vol.  XVII,  p.  xi.  These  lists 
contain  527  and  2.32  stars,  respectively,  in  which  the  magnitudes  were  found  to  be 
discordant  in  the  observations  of  the  Cordoba  Durchmusterung.  Especial  attention 
is  there  called  to  26  stars  which  are  indicated  by  exclamation  marks.  These  stars 
have  been  looked  for  on  a  number  of  Draper  Memorial  photographs  by  Miss  E.  F. 
Leland  and  the  results  confirmed  by  Mrs.  Fleming.  From  this  examination,  con- 
firmation of  the  variabiUty  of  the  stars  —24°  12600,-27°  15203,  — 33n85,  —34°  224, 
— 38°  138,  and  — 38°  13089,  has  been  obtained,  the  change  exceeding  one  magnitude 
in  all  cases.  The  variation  of  —22°  13401,  —22°  13700,  —23°  8083,  — 24°13621, 
—25°  1197,  —30°  12799,  —33°  13321,  —35°  11936,  —35°  14568,  —37°  11462, 
—  38°  2639,  and  —41°  12260  on  from  8  to  25  nights  did  not  exceed  two  or  three 
tenths  of  a  magnitude  and  the  variation  of  these  stars  is  accordingly  not  as  yet  con- 
firmed. In  each  of  these  cases  two  comparison  stars  were  selected,  differing  about 
half  a  magnitude  in  brightness,  one  a  little  brighter  and  the  other  a  little  fainter, 
than  the  suspected  variable.  The  star  — 22°  15937  does  not  appear  on  photographs 
taken  on  16  nights,  although  the  adjacent  star  — 22°  15939  is  well  shown  on  all. 
The  confirmation  by  Miss  Leland  of  the  variation  of  — 24°  7693  has  already  been 
announced  (H.  C.  0.  Circular  No.  7).  The  confirmation  by  Mr.  Robert  H.  West 
of  the  variation  of— 25°  1602,  —26°  892,  and  —30°  375  has  already  been  announced 
by  him  (Astron.  Jour.  XVI,  p.  85).  —25°  1602  and  —30°  375  have  also  been  con- 
firmed here  from  the  examination  of  the  photographs.  — 30°  19092  is  R  Piscis 
Austrini.  The  variation  of  — 33°  13234  was  discovered  independently  by  Mrs. 
Fleming  (H.  C.  0.  Circular  No.  6).  The  star  in  the  Bonn  Durchmusterung 
— 22°  4346  and  not  found  by  Thome  does  not  appear  on  photographs  taken  on 
8  nights. 

It  therefore  appears  that  of  these  26  stars,  12  are  variable,  the  variabilitj"  of 
12  is  not  confirmed,  and  2  do  not  appear  on  the  photographs  examined. 

The  laborious  work  of  taking  out  all  the  photographs  of  the  regions  containing 
these  six  new  variable  stars,  measuring  the  brightness,  the  magnitude  at  maximum 
and  minimum,  the  period  and  form  of  light  curve,  as  has  been  done  for  other 
variable  stars  discovered  here,  is  now  in  progress. 

EDWARD  C.  PICKERING. 

August  13,  1896. 
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A   NEW   SPECTROSCOPIC   BINARY  /^'  SCORPII. 

From  an  examhiation  of  the  Draper  Memorial  photographs  Professor  Solon  I. 
Bailey  has  found  that  the  star  m'  Scorpii  is  a  spectroscopic  binary.  This  star  is 
—37"  11033  =  S.  M.  P.  5794.  Its  approximate  position  for  1900  is  in  R.  A. 
16''45'".1,  Dec.  — 37"  53',  and  its  photometric  magnitude  is  3.26.  Its  spectrum  is  of 
the  first  type  and  contains  the  additional  lines  characteristic  of  the  Orion  stars.  It, 
therefore,  belongs  to  Class  B  according  to  the  notation  of  the  Draper  Catalogue. 
The  star  f^^  Scorpii  follows  about  28*  and  is  1'.7  north,  and  its  photometric  magnitude 
is  3.74.  The  spectra  of  both  stars,  therefore,  appear  side  by  side  in  the  photo- 
graphic plates.  In  some  they  are  scarcely  distinguishable,  while  in  others  the  lines 
of  the  first  star  are  broad  and  hazy,  some  of  the  faint  lines  appearing  distinctly 
double.  The  lines  in  the  spectrum  of  the  second  star  are  always  single  and  well 
defined.  One  of  the  components  of  the  binary  is  fainter  than  the  other,  so  that  the 
lines  of  its  spectrum  are  sometimes  of  greater,  and  sometimes  of  shorter,  wavelength 
than  those  of  the  brighter  component.  The  difference  in  intensity  also  seems  to 
change  as  if  due  to  a  variation  in  the  light  of  one  of  the  components. 

An  examination  of  the  plates  already  sent  to  Cambridge  shows  that  the  spec- 
trum of  this  star  was  photographed  on  October  2,  1892,  July  20,  1894,  and  July  31, 
1894.  On  the  first  of  these  plates  the  lines  are  single,  on  the  second  they  are 
wide  and  hazy,  and  on  the  third  they  are  double.  When  Mrs.  Fleming  examined 
these  plates  in  October,  1894,  she  recorded  on  the  second  of  them  "Lines  double  ?" 
and  on  the  thh-d  of  them  '•  Lines  double."  Tliey  were  laid  aside  for  further  exami- 
nation but  were  overlooked. 

The  changes  are  so  rapid  that  they  are  perceptible  in  successive  plates  having 
exposures  of  one  hour.  From  a  discussion  of  52  photographs  Professor  Bailey  has 
derived  a  period  of  35  hours  and  a  nearly  circular  orbit. 

An  independent  discussion  made  here,  shows  that  all  the  observations,  including 
those  of  the  early  photographs,  may  be  represented  by  the  formula,  J.  D.  2412374.52 
-|-1.4462  E.  which  gives  an  average  period  of  34''  42"'.5  with  an  uncertainty  of  less 
than  a  tenth  of  a  minute.     Ten  observed  times  when  the  lines  were  single  are  repre- 
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sented  with  an  average  deviation  of  38  minutes  each.  The  maximum  deviation  is 
less  than  an  hour.  Further  observations  will,  however,  be  required  to  make  sure 
that  no  other  assumption  is  possible  for  the  total  number  of  epochs  since  1892. 
In  19  photographs  the  lines  of  the  fainter  component  were  found  to  have  greater, 
and  in  14,  shorter,  wavelengths  than  those  of  the  brighter  component.  This  was 
confirmed  later,  in  each  case,  by  the  formula. 

Only  two  stars  of  this  class  are  already  known.  The  first,  ^  Ursae  Majoris,  was 
found  by  the  writer  in  1889.  The  period  appears  to  be  about  52  days  but  it  is 
irregular,  perhaps  owing  to  the  presence  of  a  third  body,  and  the  time  during  which 
the  lines  are  widely  separated  is  short.  The  second  star  /J  Aurigae  was  found  later 
in  the  same  year  by  Miss.  A.  C.  Maury.  The  changes  appear  to  be  perfectly  regular 
with  a  period  of  a  little  less  than  4  days. 

EDWARD  C.  PICKERING. 

August  31,  1896. 
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STARS  HAVING  PECULIAR  SPECTRA.     NEW  VARIABLE  STARS  IN  CRUX 

AND  CYGNUS. 

A  list  of  stars  having  peculiar  spectra  and  found  by  Mrs.  Fleming  in  her  regu- 
lar examination  of  the  Draper  Memorial  photographs  are  given  in  the  annexed  table. 
The  successive  columns  give  the  designation  of  the  star,  the  approximate  right 
ascension  and  declination  for  1900,  the  catalogue  magnitude,  and  a  brief  description 
of  the  character  of  the  spectrum,  followed  by  additional  remarks  when  required. 


Desigxatiox. 

R.  A. 

1000. 

Pec. 
1900. 

M.VGX. 

l)ESCItI!"TIOX. 

—39°  3939 

8     0.1 

—39°  43' 

2.5 

Peculiar.     ^  Puppis. 

Z.C.  11''742 

11    11.2 

—57    23 

9 

Type  IV. 

A.G.C.  15946 

11   35.0 

—72      0 

8.5 

Type  IV. 

12  26.9 

—57      1 

Type  III.     Hydrogen  liiie.s  briiilit.     Variable. 

—36"  11341 

17     7.0 

—37      0 

9.1 

Gaseous  Nebula.     Gal.  long.  317°  12',  lat.  — 0° 

15'. 

A.G.C.  2281-2 

16  47.0 

—42    12 

5.8 

Hy8  bright,     ^i  Scorpii. 

A.G.C.  23694 

17  24.1 

—49    47 

2.9 

H/3  briglit.     a  Arae. 

+44°  3649 

20  54.4 

+44    24 

7.9 

Peculiar. 

+  44°  3679 

20  58.9 

+  44    25 

6.8 

Peculiar. 

The  spectrum  of  the  first  of  these  stars  is  very  remarkable  and  unlike  any  other 
as  yet  obtained.  The  continuous  spectrum  is  traversed  by  three  systems  of  lines. 
First,  the  hydrogen  lines  and  the  line  K,  which  are  dark,  as  in  stars  of  the  first  type. 
Second,  two  bright  bands  or  lines  whose  approximate  Avave  lengths  are  4652  and 
4698,  which  may  be  identical  with  the  adjacent  lines  in  spectra  of  the  fifth  type. 
Third,  a  series  of  lines  whose  approximate  wave  lengths  are  3814,  .3857,  3923,  4028, 
4203,  and  4505,  the  last  line  being  very  faint.  These  six  lines  form  a  rhythmical 
series  like  that  of  h3^drogen  and  apparently  are  due  to  some  element  not  yet  found 
in  other  stars  or  on  the  earth.     The  formula  of  Balmer  will  not  represent  this  series, 

but  if  we  add  a  constant  term  and  write  \  =  4650    .,     ,  — 1032,  we  obtain  for  m  equal 

to  10,  9,  8,  7,  6,  and  5,  the  wave  lengths  3812,  3858,  3928,  4031,  4199,  and  4504. 
The  deviations  from  the  observed  wave  lengths  have  an  average  value  of  3  ten- 
millionths  of   a   millimetre,  are    systematic    rather    than   accidental,  and    although 
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small  appeal*  to  be  rather  larger  than  might  be  expected  from  the  errors  of  observa- 
tion. A  line  of  wave  length  5168  is  indicated  for  m  =  4,  and,  if  present,  could  be 
observed  visually,  or  photographed  on  a  plate  stained  with  erythrosin.  The  only 
other  line  found  in  the  spectrum  of  this  star  has  the  Avave  length  4620,  and  appar- 
ently does  not  belong  to  this  series. 

The  fourth  star  in  the  table  is  a  new  variable  in  the  constellation  Crux.  A 
comparison  with  eight  adjacent  catalogue  stars  gives  its  position  for  1875,  K.  A.  = 
12"  25'"  27'".5.,  Dec.  =  —56"  53'  25".  The  period  is  about  a  year.  The  photographic 
magnitude,  as  derived  from  57  plates,  is  10.3  at  maximum,  and  fainter  than  13.2  at 
minimum. 

The  fifth  of  these  objects  is  N.  G.  C.  6302,  who.se  spectrum,  on  a  photograph 
taken  on  July  9,  1896,  is  shown  to  contain  the  bright  lines  characteristic  of  gas- 
eous nebula?. 

The  presence  of  the  bright  hydrogen  line  in  the  sixth  of  these  objects  was  found 
independently  by  Miss  A.  J.  Cannon. 

The  last  two  objects  in  the  table  have  similar  spectra,  containing  two  bright 
bands  resembling,  and  perhaps  identical  with,  those  in  the  spectrum  of  f  Puppis. 

In  addition  to  the  above  objects  a  star  in  the  constellation  Cygnus,  whose 
approximate  position  for  1900  is  R.  A.  =  21'^  38"'.8,  Dec.  +43°  8'  has  been  found  to 
be  variable  by  Miss  Louisa  D.  Wells.  Its  period  appears  to  be  about  40  days  and 
its  photographic  brightness  varies  from  7.2  to  fainter  than  11.2,  an  unusually  large 
range  for  a  variable  having  so  short  a  period.  Its  position  for  1900,  as  determined 
visually  by  Mr.  0.  C.  Wendell,  is  R.  A.  =  21"  38'"  46'.21,  Dec.  =  +43"  7'  34".8. 

EDWARD    C.    PICKERING. 
November  2,  1896. 
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RELATIVE  MOTION  OF  THE  STARS  IN  THE  LINE  OF  SIGHT. 

The  determination  of  the  motion  of  the  stars  in  the  line  of  sight  by  means  of  the 
spectroscope  is  one  of  the  most  important  problems  in  Astronomj^  The  greatest,  and 
almost  the  only,  objection  to  the  objective  prism  is  that  it  has  thus  far  failed  to  deter- 
mine this  quantity.  Placing  the  prism  in  front  of  the  objective  has  many  advantages 
over  the  use  of  a  slit  spectroscope.  Instead  of  photographing  one  star  at  a  time,  more 
than  a  thousand  have,  in  many  instances,  been  photograj^hed  upon  a  single  plate.  In 
fact,  our  only  knowledge  of  the  photographic  spectra  of  the  fainter  stars  is  derived 
from  plates  obtained  with  an  objective  pri.sm.  The  wave  lengths  of  the  lines  can 
also  generally  be  determined  equally  well  by  either  method,  since  in  the  spectrum  of 
almost  every  star  numerous  lines  are  present  wiiose  wave  lengths  have  already  been 
accurately  determined  in  the  solar  spectrum.  The  wave  lengths  of  other  lines  can 
be  better  determined  differentiallv  from  these  than  directly  by  a  comparison  spec- 
trum. Nearly  all  of  the  Draper  Memorial  spectra  have  been  photographed  by  means 
of  objective  prisms.  Numerous  unsuccessful  attempts  have  been  made  here,  ever 
since  tliis  work  was  undertaken,  to  determine  with  an  objective  prism  the  approach 
and  recession  of  the  stars  (x\nnals  XXVI,  p.  xx).  Among  other  methods  which  have 
been  tried  may  be  mentioned  the  use  of  an  absorbing  medium  like  didymium,  the 
variation  in  length  of  the  spectra,  and  the  use  of  a  point  of  reference  formed  by 
throwing  an  auxiliary  image  of  the  star  into  the  field  by  means  of  a  small  achromatic 
prism,  or  by  reflecting  prisms.  Recently  experiments  have  been  made  by  comparing 
the  corresponding  lines  in  the  spectra  of  diiierent  stars  with  their  images  taken  on 
another  plate  without  the  prism  and  with  the  film  reversed.  A  discussion  of  this 
method  b}'  the  writer  with  Mr.  Edward  S.  King  has  led  to  the  method  described 
below,  which  promises  to  determine  accurately  the  relative  motion  of  two  or  more 
stars  in  the  line  of  sight  if  they  are  near  enough  together  to  be  photographed  upon 
the  same  plate.  Let  A  and  B  bo  two  such  stars,  A  being  at  rest  and  B  approaching 
with  such  a  velocity  that  a  given  line  in  its  spectrum  is  deviated  by  the  amount  d, 
and  let  a  photograph  be  taken  in  such  a  position  that  the  end  of  shorter  wave  length 
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of  the  spectrum  of  B  U  tunu'd  towards  that  of  ^.  Then  the  distance  between  the 
images  of  the  given  line  in  the  two  spectra  will  be  less  by  the  amount  d,  than  it 
would  be  if  both  stars  were  at  rest.  Now  let  another  photograph  be  taken  in  which, 
by  turning  the  prism  180'\  the  spectra  are  turned  by  the  same  amount,  so  that  the 
end  of  greater  wave  length  of  the  spectrum  of  B  is  turned  towards  that  of  ^1.  The 
distance  between  the  two  lines  will  then  be  increased  by  an  equal  amount.  If  two 
such  photographs  are  superposed  and  the  images  of  the  reference  line  in  the  spectra 
of  A  are  made  to  coincide,  its  images  in  the  spectra  of  B  will  deviate  by  2d.  To 
apply  this  method,  a  photograph  of  a  region  a  little  east  of  the  meridian  is  taken  in 
the  usual  way.  Then  the  telescope  is  reversed  and  a  second  photograph  of  the 
same  region  is  taken  on  a  plate  with  the  film  side  away  from  the  star,  so  that  the 
photograph  is  taken  through  the  glass.  As  both  photographs  are  taken  near  the 
meridian  the  lines  will  be  nearly  perpendicular  to  the  length  of  the  spectrum,  while, 
at  a  large  hour  angle,  if  the  exposure  is  long,  and  the  spectra  narrow,  the  lines  will 
cross  them  obliquely,  owing  to  the  differential  refraction.  Reversing  the  telescope 
turns  the  prisms,  and  with  tliem  the  spectra  exactly  ]  80".  In  making  the  examina- 
tion the  plates  are  placed  film  to  film  so  that  the  spectra  are  side  by  side,  and  one  is 
moved  (ner  the  other  by  means  of  a  micrometer  screw^  The  corresponding  lines  in 
the  two  images  of  each  star  in  turn  are  made  to  coincide,  and  the  difference  in  the 
readings  gives  double  the  displacement  of  the  line.  An  error  in  orienting  the  plates 
would  affect  the  results  when  the  stars  compared  are  not  in  the  same  right  ascension. 
This  source  of  error  may  probably  be  made  insensible  in  several  ways,  such  as  by 
marking  a  reference  line  on  each  plate,  or  by  turning  the  prisms  so  that  their  edges 
are  perpendicular  to  the  line  connecting  the  stars  and  moving  the  plate  slowly  by 
clock-work.  Since  the  ends  only  of  the  lines  are  compared,  narrow  spectra  may 
be  used,  and  faint  stars  may  therefore  be  measured.  Experiments  are  now  in  pro- 
gress with  a  cylindrical  lens,  by  which  it  is  expected  that  the  accuracy  of  setting  on 
lines  in  very  narrow  spectra  can  be  still  further  increased. 

Only  preliminary  tests  of  this  method  can  be  made  at  Cambridge  at  present, 
as  our  three  best  prisms  are  now  in  Peru.  Two  photographs  of  101  and  102  Her- 
cidis  were.  hoAvever,  taken  on  October  9,  1896,  with  a  single  prism,  giving  poor 
definition,  but  showed  by  inspection  that  the  first  of  these  stars  was  approaching  more 
rapidly  than  the  second.  Measures  by  Mr.  King  of  the  lines  He  and  11^  indicated  the 
relative  velocities  87  and  94  kilometres  a  second  respectively.     These  results  are  not 
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corrected  for  the  position  of  the  prism  and  other  soui'ces  of  instrumental  error.  The 
probable  error  as  indicated  by  the  accordance  of  the  individual  settings  is  5  kilometres 
in  each  case.  An  inspection  of  two  photographs  of  the  Pleiades  shows  that  the  rel- 
ative motion.-^  of  the  seven  brightest  stars  in  the  group,  although  perhaps  measurable, 
is  not  appreciable  to  the  eye,  and  probably  does  not  exceed  30  kilometres  a  second. 
The  advantages  of  the  above  method  are,  first,  the  directness  of  the  determina- 
tion of  the  motion ;  second,  that  doable  the  deviation  is  measured;  and  third,  that 
as  the  ends  of  two  similar  lines  are  made  to  coincide,  the  accidental  errors  of  •meas- 
urement are  much  less  than  when  each  in  turn  is  bisected  by  a  spider  line.  Since 
each  line  in  tiie  spectrum  maj^  be  used  a  large  number  of  independent  determinations 
may  be  obtained  from  one  pair  of  plates.  On  the  other  hand,  as  it  is  only  necessary 
that  one  line  should  be  in  focus,  a  visual  telescope  may  be  employed;  that  is,  one 
uncorrected  for  the  photographic  rays.  No  corrections  need  be  applied  for  the 
motion  of  the  Sun  in  space  or  of  the  Earth  in  its  orbit,  since  they  will  affect  both 
stars  equallj'. 

EDWARD   C.   PICKERING. 

November  4,  1896. 
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Harvakd  College  Observatory. 
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A   NEW   SPECTROSCOPIC  BINARY   IN   PUPPIS. 

An  examination  of  the  Draper  Memorial  pliotographs  taken  at  the  Arequipa 
Station  shows  that  the  star  Lacaille  3105,  Argentine  General  Catalogue  105-34, 
is  a  spectroscopic  binary.  The  approximate  position  of  this  star  for  1900  is 
R.  A.  =  1"  55™.3,  Dec.  =—48°  58'.  Its  photometric  magnitude  is  4.50.  The  lines 
in  its  spectrum  were  first  noticed  to  be  double  and  its  binary  character  discovered 
by  the  writer  in  February,  1895.  Professor  Bailey  was  notified  and  accordingly 
secured  additional  photographs  and  confirmed  the  binai'y  character  of  this  star.  As 
in  the  case  of  m'  Scorpii  one  component  is  brighter  than  the  other.  A  discussion  of 
all  the  photographs  of  its  spectrum  here  and  at  Arequipa  gives  the  mean  period 
3''  2''  46'".  The  times  of  inferior  conjunction  can  be  represented  by  the  formula 
J.  D.  2412777.16-1-3.115  E.  At  these  times  the  lines  are  single,  for  the  irext 
thirty-seven  hours  the  lines  are  double,  the  fainter  component  of  each  having  a 
greater  wave  length  than  the  brighter  component,  and  being,  therefore,  towards  the 
red  end  of  the  spectrum.  The  lines  then  again  become  single,  and  after  that,  for 
the  remainder  of  the  period  are  again  double,  the  fainter  components  having  shorter 
wave  lengths,  and  being,  therefore,  tow^ards  the  violet  end  of  the  spectrum. 

This  is  the  fourth  spectroscopic  binary  of  this  class  in  which  both  components 
are  bright,  the  others  being  C  Ursa  Majoris,  ^  Aurigae  and  /^'  Scorpii. 

EDWARD    C.    PICKERING. 
November  17,  1896. 


Harvard  College  Observatory. 
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THE  BRUCE  PHOTOGRAPHIC  TELESCOPE. 

The  advantages  of  a  doublet  for  photographing  the  stars  were  advocated  by 
the  writer  in  1883  (Astron.  Register  XXL  151,  Observatory  VI,  201)  and  again  in 
1886  (Mem.  Amer.  Acad.  XI,  179).  In  the  latter  article  (p.  207)  it  was  urged 
that  charts  should  be  photographed  of  the  same  size  and  scale  as  the  charts  of 
Peters  and  Chacornac,  that  is  on  a  scale  of  6cm.  to  1°,  and  covering  a  region 
5°  square.  It  was  there  proposed  that  photographs  taken  with  the  8  inch  Bache 
telescope  should  be  enlarged  three  times.  A  similar  plan  was  recommended  to  the 
Congres  Astrophotographique  International  in  a  letter  dated  December  10,  1887 
(Annexe.-No.  5,  p.  95).  Later,  it  was  shown  in  a  paper  presented  to  the  National 
Academy  at  a  meeting  held  in  Washington  in  April,  1888,  that  the  best  results 
might  be  expected  from  a  telescope  having  an  aperture  of  60cm.  and  a  focal 
length  of  343. 8cm.  The  .same  plan  was  recommended  in  a  circular  dated  Novem- 
ber 20,  1888,  and  entitled,  A  Large  Photographic  Telescope.  The  generous  liber- 
ality of  Miss  Catherine  W.  Bruce  (The  Bruce  Photographic  Telescope,  June  26, 
1889),  permitted  this  experiment  to  be  tried.  The  instrument  was  constructed  by 
Messrs.  Alvan  Clark  and  Sons,  and  was  mounted  provisionally  and  tested  in  Cam- 
bridge. It  was  sent  to  Arequipa  last  winter  by  way  of  the  Straits  of  Magellan, 
thus  avoiding  the  dangers  of  transshipment  upon  the  Isthmus  of  Panama.  It  arrived 
safely  in  Arequipa,  was  mounted  successfully,  and  is  now  kept  in  constant  use  by 
Professor  Bailey.  The  excellent  results  since  attained  with  it  are  largely  due  to 
his  skill  and  perseverance.  The  accompanying  plate  serves  to  illustrate  the  work 
already  accomplished  with  this  instrument.  The  original  negative  was  taken  on 
June  11,  1896,  with  an  exposure  of  180  minutes  upon  a  plate  14  x  17  inches.  The 
region  covered  extends  in  right  ascension  from  17''  40'"  to  18''  10'",  and  in  declination 
from  — 20°.8  to  — 26°. 5.  About  a  quarter  of  this  region  is  represented  in  the 
accompanying  figure.  The  upper  of  the  two  nebulae  is  the  Trifid  Nebula,  N.  G.  C. 
6514.  The  lower  and  larger  nebula  is  N.  G.  C.  6523.  While  this  form  of  photo- 
engraving is  convenient  to  give  a  general  idea  of  the  appearance  of  the  original 
negative,  it  is  not  adapted  to  a  careful  study  of  the  plates.  The  images  are  formed 
of  black  dots  upon  a  white  background  and  accordingly  it  is  impossible  to  derive 
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Centre,  R.  A.=  ,  yh  56m.     Dec.  =  -  23?  7      Trieid  Nebul.^. 
Taken  June  11,  1896.     Exposure  i8o--     Scale  i'=  o.i  cm. 
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from  them  the  true  relative  positions  or  magnitudes  of  the  stars  represented,  as  is 
obvious  if  they  are  examined  by  a  magnifying  glass.  Photogravures  have  accord- 
ingly been  prepared  of  two  regions,  and  a  limited  distribution,  mainly  to  observa- 
tories, is  being  made  of  them.  They  are  produced  by  contact  printing  from  the 
original  negatives  and  carry  out  the  plan  of  mapping  described  above.  That  is, 
the  photogravures  are  on  a  scale  of  one  minute  of  arc  to  a  millimetre,  and  cover 
a  region  five  degrees  square.  Plate  I  represents  the  region  whose  centre  is  in 
R.  A.  16''  10™,  Dec. —  52°.  The  original  negative  was  taken  on  June  6,  1896,  with 
an  exposure  of  62  minutes.  The  cluster  in  the  lower  part  of  the  plate  is  N.  G.  C. 
6069.  Plate  II  represents  the  region  whose  centre  is  in  R.  A.  10''  40'",  Dec.  —  59°. 
The  original  negative  was  taken  on  June  1,  1896,  with  an  exposure  of  240 
minutes.  The  images  are  elongated,  and  this  plate  is  issued  as  an  example  of  the 
enormous  number  of  stars  which  can  be  shown  upon  a  single  map,  while  Plate  I 
illustrates  the  character  of  the  images  at  the  centres  and  cornei-s,  and  the  quality 
of  maps  to  be  expected.  It  is  proposed  to  issue,  from  time  to  time,  maps  of 
other  portions  of  the  sk}',  such  as  the  Magellanic  Clouds.  According  to  the 
original  plan  a  map  of  the  entire  sky  on  the  scale  here  represented  was  to  be  pub- 
lished. To  avoid  duplication  of  work  this  plan  has  been  abandoned,  since  the 
Astrophotographic  Congress  has  undertaken  to  supply  this  want.  It  is  believed  that 
a  less  expensive  and  more  useful  scheme  will  be  to  furnish  contact  prints  on  glass 
from  the  original  negatives,  to  such  astronomers  as  will  make  use  of  them.  A 
double  contact  print  so  closely  resembles  the  original  negative  that  it  can  only  be 
distinguished  from  it  with  difficulty,  and  for  purposes  of  measurement  or  exact 
study  is,  of  course,  far  more  valuable  than  any  paper  print. 

While  announcing  the  successful  completion  of  the  Bruce  Photographic  Tele- 
scope, attention  should  be  called  to  the  courage  of  the  donor  who  permitted  an 
experiment  to  be  tried  on  a  scale  never  before  attempted,  and  whose  liberality,  both 
in  the  amount  of  her  gift  and  in  the  terms  on  which  it  was  made,  rendered  every 
aid  to  secure  success.  It  is  a  great  satisfaction  to  be  able  to  show  by  these  photo- 
graphs that  the  results  obtained  are  exactly  as  expected,  and  that  no  unforeseen 
difficulty  interfered  with  the  success  of  the  experiment.  Excellent  results  have 
already  been  obtained  in  photographing  the  spectra  of  very  faint  stars  with  prisms 
placed  over  the  object  glass  of  this  instrument,  and  they  will  be  made  the  subject  of 
a  subsequent  circular. 

December  30,  1896.  EDWARD  C.  PICKERING. 
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Harvard  College  Observatory. 
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THE   SPECTRUM   OF   C   PUPPLS. 

The  announcement  was  made  in  Circular  No.  12  that  the  spectrum  of  the 
star  ^  Puppis  contained,  in  addition  to  the  usual  series  of  lines  due  to  hydrogen, 
a  second  series  of  rhythmical  lines.  A  remai'kable  relation  exists  between  these 
two  series,  from  which  it  appears  that  the  second  series,  instead  of  being  due  to 
some  unknown  element  as  was  at  first  supposed,  is  so  closely  allied  to  the  hydrogen 
series,  that  it  is  probably  due  to  that  substance  under  conditions  of  temperature 
or  pressiue  as  yet  unknown.  The  wave  lengths  of  the  lines  of  hydrogen  may  be 
computed  by  the  formula  A.  ^3646.1-^ — r-r  which  is  the  formula  of  Balmer,  slightly 

modifying  the  constant  term  so  that  the  standard  wave  lengths  of  Rowland  shall  be 
represented,  and  substituting  i  n  for  m.  The  wave  lengths  of  the  lines  of  hydrogen 
may  be  determined  by  this  formula  if  we  substitute  for  n  the  even  integers 
6,  8,  10,  12,  etc. 

In  the  annexed  table  the  values  of  n,  the  designations  of  the  corresponding 
lines  of  hydrogen,  their  computed  wave  lengths,  their  observed  wave  lengths,  and  the 
observed  minus  the  computed  values  are  given  in  the  first  five  columns.  If  now  we 
substitute  for  n  the  odd  integers  5,  7,  9,  11,  etc.  we  obtain  the  wave  lengths  of  the 
second  series  of  lines  in  the  spectrum  of  i  Puppis,  as  is  shown  in  the  second  part 
of  the  table.  The  sixth  column  gives  the  value  of  «,  the  seventh  the  corresponding 
computed  wave  length,  and  the  eighth  and  ninth  the  wave  lengths  of  the  lines 
in  ^  Puppis  as  derived  from  two  series  of  measures.  Miss  A.  J.  Cannon  has  found 
that  the  same  series  of  lines  occurs  in  the  star  29  Canis  Majoris  (H.  P.  1380)  whose 
position  for  1900  is  R.  A.=  7"  14.5%  Dec.  =—24°  23'.  As  this  star  has  the 
magnitude  4.8,  only  three  lines  of  the  series  are  measurable  in  the  photographs  so  far 
taken,  but,  unlike  i  Puppis,  many  additional  lines  are  present.  Measures  of  the  lines 
common  to  ^  Puppis  are  given  in  the  tenth  column  of  the  table  and  the  observed 
minus  the  computed  values  for  the  two  stars  are  given  in  the  last  three  columns. 
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n 

Beb. 

COMP. 

H 

0-C 

n 

COMP. 

^ 

C 

.29 

i 

t 

29 

4 

_ 

30 



5 

10128.1 

6 

Ha 

6563.0 

6563.0 

0.0 

7 

5413.9 

. 

8 

II/J 

4861.5 

4861.5 

0.0 

9 

4543.6 

R 

R 

R 

10 

Hy 

4340.6 

4340.7 

—0.1 

11 

4201.7 

4199.2 

4201.6 

4201.1 

-2. 5 

—0.1 

—0.6 

12 

H8 

4101.9 

4101.8 

+  0.1 

13 

4027.4 

4027.1 

4026.5 

4025.4 

—0.3 

—0.9 

—2.0 

14 

lU 

3970.2 

3970.2 

0.0 

15 

3925.2 

3924.6 

3924.9 

—0.6 

—0.3 

16 

Hi 

3889.2 

3889.1 

+  0.1 

17 

3859.8 

3858.7 

3858.6 

—1.1 

—1.2 

18 

Ur, 

3835.5 

3835.5 

0.0 

19 

3815.2 

38147. 

3817.2 

—0.5 

+2.0 

20 

Re 

3798.0 

3798.1 

—0.1 

21 

3783.4 

3783.4 

•  ■ 

0.0 

The  wave  lengths  here  given  depend  upon  tlie  lines  of  hydrogen  and  were 
determined  from  them  by  a  form  of  graphical  interpolation.  The  interval  between 
HjS  and  Hy  is  so  great  that  the  errors  of  interpolation  are  large  for  lines  in  that  part 
of  the  spectrum.  These  errors  are  still  greater  in  the  approximate  measures  given 
in  Circular  No.  12,  although  the  results  there  given  for  the  five  lines  of  the  series 
of  shorter  wave  length  than  Hy  agree  closely  with  those  given  above.  Comparing 
the  spectrum  of  t  Puppis  with  the  spectra  of  other  stars,  it  appears  that  the  four 
lines  between  Hy  and  H/3  probably  coincide  with  the  lines  having  wave  lengths 
4472,  4544,  4633,  and  4688.  The  first  of  these  lines  is  very  faint  and  appears  to 
coincide  with  the  principal  line  distinguishing  stars  of  the  Orion  type.  The  second 
line  is  well  marked  and  is  the  line  computed  above  when  )i  =  9.  The  third  and  fourth 
lines  are  bright  and  coincide  with  the  principal  lines  in  spectra  of  stars  of  the  fifth 
type.  These  four  lines  are  also  present  in  29  Canis  Majoris.  Several  of  the  lines 
in  the  above  table  appear  bright  in  stars  of  the  fifth  type.  Thus  in  H.  P.  1311 
the  lines  for  which  n  equals  8,  9,  10,  11,  12,  13,  and  14  are  bright.  In  y  Velorum 
these  lines  are  also  present,  some  being  bright  and  some  dark.  The  line  for  which 
n^7  is  one  of  the  most  conspicuous  in  the  visual  spectra  of  stars  of  the  fifth  type. 
Its  wave  length  has  been  found  by  Campbell  to  be  5412.4,  which  agrees  closely 
with  the  computed  value  5413.9.  He  also  finds  the  line  4540,  which  is  probably 
identical  with  the  line  for  which  /t  =  9.  From  photographs  recently  taken  at 
Arequipa,  but  not  yet  received  at  Cambridge,  it  is  expected  that  the  wave  lengths 
of  all  these  lines  can  be  accurately  determined. 


EDWARD  C.  PICKERING. 


Jan\iary  12,  1897. 


Haeyard  College  Observatory. 
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STARS   HAVING   PECULIAR   SPECTRA. 

A  list  of  stars  having  peculiar  spectra  is  given  in  the  annexed  table.  With 
four  exceptions  noted  below  they  were  all  discovered  by  Mrs.  Flemino-  in  her 
regular  examination  of  the  Draper  Memorial  photographs.  The  designation  of 
the  star,  its  approximate  right  ascension  and  declination  for  1900,  its  catalogue 
magnitude,  and  a  brief  description  of  its  photographic  spectrum  are  given  in 
the  successive  columns  of  the  table.  When  the  object  is  not  a  cataloo-ue  star 
its  position  as  derived  fronr  a  pliotograph,  is  given  in  the  notes  following  the 
table. 


Designation. 

U.A 

.  1900. 

Dec.  1900. 

Magx. 

Desckiptiox. 

h 

0 

m 
25.6 

—46° 

58' 

T3-pe  111.  Hydrogen  lines  bright.   V'ariable. 

5 

35.1 

—69 

52 

Gaseous  Nebula.     Gal.  long.  247°  08',  lat.  — 31°  43'. 

A.G.  C.  6633 

5 

36.0 

—34 

8 

2.5 

H/8  bright,  superposed  oa  broad  dark  line,    a  Colunibae. 

A.  G.  C.  9313 

7 

14.5 

—24 

47 

4.6 

Peculiar.  30Can.Maj.   Resembles  ^  Puppis. 

A.  G.  C.  10182 

7 

43.9 

—25 

42 

5.3 

H/3  bright,     o  Puppis. 

— 4r3911 

8 

10.8 

—41 

24 

10 

H/3,  Hy,  118,  and  H^  bright.    Resembles  rj  Carinae. 

A.  G.  C.  12465 

9 

4.8 

—70 

8 

5.2 

H/3  bright,  superposed  on  broad  dark  line.  E  Carinae. 

A.  G.  C.  17.542 

12 

48.8 

—56 

37 

5.5 

H/3  bright.     Companion  to  /a  Crucis. 

13 

31.1 

—55 

58 

Peculiar.     Variable. 

A.  G.  C.  19273 

14 

8.0 

—56 

37 

b.G 

H/3  bright. 

16 

21.1 

—43 

26 

Type  IV. 

Bright  band,  wave  length  about  4700. 

A.G.  C.  22640 

16 

39.2 

—46 

54 

7.4 

— 36°11341 

17 

7.0 

—37 

0 

9.1 

Gaseous  Nebula.    Gal.  long.  317°  13'.  lat.  — 0°45'. 

. 

17 

11.6 

—45 

52 

Type  IV. 
H/3  bright. 

— 7°4689 

18 

39.1 

—  7 

12 

8.2 

—7=5141 

19 

55.7 

—  7 

39 

9.8 

Type  IV. 

20 

8.5 

—44 

43 

Peculiar.     Variable. 

A.  G.  C.  29191 

21 

11.5 

—39 

15 

7.3 

Peculiar. 

A.  G.  C.  31272 

22 

55.0 

—23 

4 

8 

Peculiar. 

The  position  of  the  first  star  is  R.  A.  =  0'^  24"^  23^9,  Dec.  —  47'  6'  3"  (1875). 
Dr.    De    Lisle    Stewart,   at   Arequipa,    called    attention    to   the    spectrum    of    this 
star   on    a   plate    taken    with    the    Bruce    24    inch    telescope,    adding    the    remark 
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"brio-ht  lines  (hvdrogen  ?)."  On  examination  by  Mrs.  Fleming  it  proved  to  be 
variable  having  a  spectrum  of  the  tj-pe  characteristic   of  such  stars. 

The  position  of  the  second  object  which  is  in  the  larger  Magellanic  Cloud 
is  R.  A.  =  5"  35'"  20-'.0  Dec  — 69°  52'  51"  (1875). 

The  bright  band  in  t  Puppis  having  wave  length  4688  is  dark  in  the  spectrum 
of  30  Canis  Majoris.  This  spectrum,  like  that  of  the  adjacent  star,  29  Canis 
Majoris,  was  found  by  the  writer  to  contain  the  additional  hydrogen  lines  having 
wave  lengths  3925,  4027,   4202,  and   4544. 

The  bright  line  in  the  spectrum  of  o  Puppis  was  found  independently  by 
Dr.  Stewart. 

The  position  of  the  ninth  star  is  R.  A.  =  13"  29'"  32'-.3,  Dec.  —  55"  50'  10"  (1875) . 
The  spectrum  of  this  star  may  resemble  that  of  ^  Puppis,  since  it  contains 
two  bright  lines  which  may  coincide  with  the  lines  having  wave  lengths  4633  and 
4688  in  the  spectrum  of  that  star.  (  Puppis,  29  Canis  Majoris,  30  Canis  Majoris, 
and  this  star  may  form  a  subdivision  of  Type  V.  All  of  these  stars  are  near  the 
central  line  of  the  Milky    Way. 

The  bright  line  in  the  spectrum  of  A.  G.  C.  19273  was  found  by  Miss 
A.  J.  Cannon. 

The  position  of  the  eleventh  star  is  R.  A.  =  16''  19'"  15\9,  Dec.  —  43"  22'  49" 
(1875). 

The  thirteenth  object,— 36"  11341,  is  N.  G.  C.  6302. 

The  position  of  the  fourteenth  star  is  R.  A.  =  17''  9'"  46M,  Dec.  —  45"  49'  44" 
(1875). 

The  position  of  the  seventeenth  star  is  R.  A.  =  20''  6'"  45\2,  Dec.  —  44"  46'  59" 
(1875).  Dr.  Stewart  noted  '-bright  line  star  (faint)"  on  a  Bruce  photograph. 
An  examination  by  Mrs.  Fleming  shows  that  the  star  is  variable  and  that  the 
spectrum  is  peculiar. 

DISTRIBUTION   OF   STARS   IN   CLUSTERS. 

Professor  Bailey  has  recently  made  a  count  of  the  stars  in  the  vicinity  of 
several  clusters.  An  enlargement  was  made  of  a  photograph  of  the  Pleiades  taken 
with  the  Bruce  telescope  and  having  an  exposure  of  six  hours.  A  region  2"  square, 
with  V  Tauri  (Alcyone)  in  the  centre  was  divided  into  144  smaller  squares,  each  10' 


on  a  side.  The  stars  in  each  of  these  squares  were  then  counted.  The  total  number 
thus  found  was  3972,  an  average  of  28  in  each  square.  The  42  squares  including 
the  brighter  stars  in  the  group  contain  1012  stars,  an  average  of  24  per  square.  It 
therefore  appears  that  the  total  number  of  stars  in  the  region  of  the  Pleiades  is 
actually  less  than  that  in  adjacent  portions  of  the  sky,  of  equal  area,  and  it  is  much 
less  than  the  corresponding  number  in  many  parts  of  the  Milky  Way.  The  Pleiades 
must,  therefore,  be  regarded,  first  as  a  group  consisting  of  comparatively  bright 
stars,  secondly,  if  Ave  omit  the  bright  stars,  the  number  of  faint  stars  will  be  much 
less  than  in  the  adjacent  portions  of  the  sky.  This  absorption  of  the  faint  stars  is 
probably  due  to  the  nebulosity  surrounding  this  group.  A  similar  absence  of  faint 
stars  is  noticeable  near  other  diffused  nebulae,  for  example,  that  surrounding  N.G.C. 
6726-7.  This  condition  would  be  explained  if  we  assume  that  stars  have  not  yet 
been  formed  by  the  condensation  of  this  portion  of  the  nebula  or  that  the  latter  is 
less  distant  and  slightly  opaque. 

A  similar  count  was  made  of  ten  regions  6'  square,  in  the  vicinity  of  v  Carinae. 
The  plate  used  was  taken  with  the  24  inch  Bruce  telescope,  and  had  an  exposure  of 
four  hours.  From  this  count  it  appears  that  in  a  region  5°  square,  and  represented  in 
Plate  2,  described  in  Circular  No.  15,  the  total  number  of  stars  was  about  250,000, 
while  the  number  contained  on  the  entire  plate  exceeded  400,000. 

EDWARD    C.  PICKERING. 
March  30,  1897. 


Harvard   College    Observatory. 


ty 
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VARIABLE   STAR    CLUSTERS. 

Announcement  was  made  in  Circular  No.  2  of  the  discovery  by  Professor  Solon  I. 
Bailey  of  numerous  variable  stars  in  certain  globular  stellar  clusters,  and  their 
absence  in  other  objects  which  apparently  belong  to  the  same  class.  Since  then  he 
has  found  many  more  of  these  variables,  so  that  their  total  number  including  a  few 
found  here  is  now  310,  distributed  as  follows  :  — ■■  In  N.  G.  C.  104  (47  Tucanae),  6;  in 
362,  8;  in  1904,  1;  in  5139  (<.  Centauri),  60;  in  5272  (Messier  3),  113;  in  5904 
(Messier  5),  63;  in  5986,  1  ;  in  6254,  1;  in  6266,  9;  in  6626,  3;  in  6656,  5;  in 
6723,  2  ;  in  6752,  1 ;  in  7078,  27  ;  in  7089,  8  ;  and  in  7099,  2.  In  the  greater  portion  of 
these  clusters  about  1000  stars  were  examined.  In  Me.ssier  3  about  one-ninth  of  the 
stars  are  variable  while  in  others  like  N.  G.  C.  6205  (the  great  cluster  in  Hercules), 
out  of  nearly  2000  stars  not  a  single  variable  has  been  found.  The  positions  of  62  of 
the  stars  in  Me.ssier  5  are  given  in  the  Harvard  Observatory  Annals  XXVI,  243,  246. 
The  light  curve  and  period  of  one  of  them  are  given  in  the  Astron.  Nach.  CXL,  285. 


SOUTHERxN   DOUBLE   STARS. 

A  distinguishing  feature  of  the  climate  of  Arequipa  is  the  great  steadiness  of 
the  air.  The  value  of  this  location  as  an  observing  station  is  largely  due  to  this 
fact.  Good  definition,  under  high  powers,  is  obtained  there  on  many  more  nights 
than  in  Europe,  or  in  the  United  States,  where  nine-tenths  of  the  observatories  of 
the  world  are  at  present  located.  A  search  for  close  double  stars  may,  therefore, 
be  advantageously  made  at  Arequipa,  and  accordingly,  in  1891  all  the  stars  of  the 
sixth  magnitude  and  brighter,  south  of  declination  — 30",  were  examined  for  close 
companions.  The  stars  in  one  quarter  of  the  region,  and  included  between  12''  and 
18''  of  right  ascension  were  examined  by  Professor  William  H.  Pickering,  and  the 
remaining  three-quarters  by  Professor  Solon  I.  Bailey.  The  instrument  used  was  the 
13  inch  Boyden  telescope.     A  power  of  450  was  ordinarily  employed. 
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The  stars  who.se  numbers  in  the  Argentme  General  Catalogue  are  given  below 
were  found  to  have  companions  whose  distances  were  estimated  not  to  exceed  30''. 
Stars  already  announced  as  double  in  the  Catalogues  of  Herschel  and  Russell  are  not 
included.  When  two  or  more  companions  were  noted  the  letter  T  is  inserted  after 
the  number  :  — 

A.  G.  C.  451  T,  480  t,  684,  702,  780, 1024  t,  1197,  2412,  2992,  3487  t,  4368,  4395, 
4845,  5295,  6494,  6633,  7914,  7990  t,  8093  t,  9234,  10188,  10335,  10496,  11097, 
11712,  11727,  11887,  12035,  12101,  12180,  13135,  15795,  16200,  16541  t,  16612  t, 
16690  T,  16793,  16845,  16992,  17403,  17440,  17504, 17541  t,  17572,17907,  17936, 
18174  T,  18492  T,  18700,  18773,  18863  t,  18931  t,  18980,  19129,  19273  t,  19280, 
19295, 19540  t,  19578  t,  19597  t,  19679, 19697, 19741,  19746,  19873,  19916,  199.34  t, 
19980,  19988,  20049,  20170,  20203,  20444  t,  20466  t,  20649,20695,  20806  t,  20811, 
20861,  20909  T,  21078  t,  21153,  21177,  21319  t,  21.374,  21421  t,  21499  t,  21559, 
21094  T,  21767,  21828,  21887,  21921,  21974,  21995,  22124,  22159,  22534  t,  22582, 
22598,  22604,  22949,  22970,  23018,  23035  t,  2.3098,  23126  t,  23358,  23397  t, 
23448  T,  23480,  23515  t,  23549  t,  23597  t,  23603  t,  23785  t,  2397-3,  24148,  24182, 
24218,  24407  T,  24483,  24557,  24570,  24624,  24703,  24888,  25137,  25259,25527, 
25548,  26026  T,  26041,  26287,  27.354,  27909,  28851,  29314,  29308,  .30425,30814, 
and  32446. 

SPECTRUM    OF   i   PUPPIS. 

In  Circular  No.  16  it  was  shown  that  a  line  having  wave  length  5413.9  prob- 
ably exists  in  the  spectrum  of  this  star.  This  line  is  clearly  visible  on  three 
photographs  of  this  star  taken  in  Arequipa.on  isochromatic  plates. 

EDWARD  C.  PICKERING. 

July  20,  1897. 


4f 
Haeyard   College   Observatory. 
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LARGE  MAGELLANIC   CLOUD. 

Stars  whose  spectra  are  of  the  fifth  type  consisting  mainly  of  bright  lines  have 
hitherto  been  found  only  near  the  central  line  of  the  Milky  Way.  Of  the  67  stars 
of  this  type  so  far  discovered  the  average  deviation  from  this  line  is  2°  39'.  For 
only  one  object,  whose  distance  is  17°  39',  does  the  deviation  exceed  9°.  It  is  difficult 
to  explain  this  very  close  approach  to  a  great  circle  as  these  stars  fall  in  a  band  much 
narrower  than  the  Milky  Way  itself.  This  law  of  distribution  is  one  of  the  most 
important  results  attained  by  means  of  the  Henry  Draper  Memorial.  The  two 
Magellanic  Clouds  closely  resemble  the  Milky  Way  in  appearance,  although  completely 
detached  from  it,  and  distant  from  its  central  line  by  about  33°  and  45°  respectivel}'. 
From  an  examination  of  the  photographs  of  the  spectra  of  the  stars  in  the  Large 
Magellanic  Cloud,  recently  taken  with  the  Bruce  Photographic  Telescope,  Mrs. 
Fleming  has  discovered  six  stars  whose  spectra  are  of  the  fifth  type;  also  that  bright 
hydrogen  lines  are  present  in  the  spectra  of  seven  stars  of  the  first  type,  and  that 
the  spectra  of  six  known  nebulae  are  gaseous  and  not  continuous.  The  power  of 
the  instrument  and  the  quality  of  the  photographs  are  shown  by  the  fact  that,  with 
one  exception,  all  of  these  stars  are  so  faint  that  they  have  not  been  included  in  any 
of  the  star  catalogues  as  yet  published.  A  list  of  these  objects  is  given  in  the 
following  table.  The  successive  columns  contain  the  approximate  right  ascensions 
and  declinations  for  1900,  the  galactic  longitudes  and  latitudes  of  the  nebulae  and 
stars  of  the  fifth  type,  and  a  brief  description  of  the  objects. 
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R.  A.    1900. 

Dec  1900. 

Gal.  I»ng. 

Gal. 

Lat. 

De*cbiptio> 

A      ni 

4  54.6 

—69° 

21' 

247° 

14' 

—35° 

16' 

Gaseous  nebula.     X.  G.  C.  1743. 

4  56.4 

—66 

37 

243 

54 

—35 

44 

Type  V.  Brisrhtest  star  in  X.  G.  C.  1761.                                | 

4  56.5 

—66 

34 

243 

51 

—35 

44 

Gaseous  nebula.     X.  G.  C.  1763. 

5  14.0 

—67 

34 

TT]:>e  I.  H/3.  Hy,  and  HS  briorht. 

InX.  G.C.I 871. 

5  1S.9 

—69 

21 

TVpe  I.  H/3.  Hy.and  HSbrisbt.  Variable.    In  X.  G.  C.  1910.| 

5  :20.1 

—69 

45 

247 

io 

—33 

1 

Tviie  V.     In  X.  G.  C.  1918. 

5  25.6 

—68 

33 

Tvi^e  I.  H/3.  Hy,  and  HS  brisht. 

In  X.  G.  C.  1949. 

5  30.4 

—67 

30 

244 

24 

—32 

20 

Type  Y. 

5  32.0 

—71 

6 

248 

37 

—31 

51 

Tvi;.e  V. 

5  35.2 

—69 

49 

247 

5 

—31 

43 

TVpe  V. 

5  35.6 

—67 

39 

244 

32 

—31 

50 

Gaseous  nebula.     X.  G.  C.  2029. 

5  37.2 

—69 

26 

Tvpe  I.  H/3,  Hy,  and  H8  bright. 

In  X.  G.  C.  2050. 

5  39.3 

—69 

8 

246 

15 

—31 

24 

Gaseous  nebula.     X.  G.  C.  2070. 

30  Doradus. 

5  39.5 

—69 

5 

246 

11 

—31 

23 

Type  V. 

5  40.6 

—69 

49 

247 

2 

—31 

15 

Gaseous  nebula.     X.  G.  C.  2079. 

5  40.6 

—69 

42 

Trjae  I.  H/3,  Hy,  and  HS  bright. 

In  X.  G.  C.  2080. 

5  40.6 

—69 

42 

TTi:>e  I.  H/3,  Hy,  and  HS  bright. 

In  X.  G.  C.  2080. 

5  40.7 

—69 

27 

246 

37 

— 31 

16 

Gaseous  nebula.     In  X.  G.  C.  20  > 

1. 

0  41.0 

—69 

26 

Type  I.  H/3.  Hy,  and  HS  bright. 

InX.  G.  C.  20^1 . 

The  fifth  star  !.•?  variable  aud  has  a  range  of  rather  more  than  one  magnitude. 
It  is  identical  with  Gilliss  No.  3092. 

The  tenth  object  is  identical  with  the  second  object,  announced  as  a  gaseous 
nebula,  in  Circular  No.  17.  Small  gaseous  nebulae  and  faint  fifth  type  stars  can  be 
distinguished  photographically  only  by  the  wave  length  of  the  principal  line  in  their 
spectra.  Accordingly,  on  the  Bache  plates  the  bright  line  was  assumed  to  be  due  to 
a  gaseous  nebula  and  was  identified  with  a  faint  adjacent  star.  Two  Bruce  plates 
shoAv  that  the  spectrum  is  that  of  a  fifth  type  star  following  O*".!,  north  3'. 

The  gaseous  character  of  the  nebulosity  surrounding  30  Doradus  is  well  known. 
These  photographs  show  that  several  objects  closely  adjacent  to  it  have  bright  lines 
in  their  spectra. 

After  the  above  description  had  been  prepared  a  letter  was  received  from  Peru, 
from  which  it  appeared  that  the  presence  of  bright  lines  in  the  spectra  of  several  of 
these  stars  had  already  been  found  by  Dr.  Stewart  at  Arequipa.  His  description  of 
each  object  is  given  below  preceded  hj  its  right  ascension: — 

R.  A.  i*  54'".6.     Four  bright  lines  including  H/3,  H>,  and  HS. 

R.  A.  o"  14'".0.     H/3  and  Hy  bright. 


R. 

A. 

o"  isrg. 

R. 

A. 

5A  20"'.l. 

R. 

A. 

5''  2.5"'.6. 

R. 

A. 

b'-  32«.0. 

R. 

A. 

5^-  35'".2. 

R. 

A. 

•5"  37'".2. 

R. 

A. 

5"  SS^.S. 

CIRCULAR   XO.   19. 

H^,  Hy,  and  H8  bright. 
H/3  bright  and  broad. 
H/3  somewhat  bright,  not  intense. 
H/3  somewhat  bright,  broad,  not  intense. 
Hj8  bright  and  broad,  partial  spectrum  only  visible. 
H;3,  Hy,  and  HS  bright. 
H^  and  HS  bright. 
R.  A.  5"  dfr.e  (first).     H/3  bright  and  broad. 

R.A.  5*  40"'.6  (.second  or   third).     H^S,  Hy,  and  H5  bright  and  broad. 
R.  A.  0"  41"'.0.    H;8,  Hy,  and  H8  bright  and  sharp. 

The  line  called  H/3  by  Dr.  Stewart  in  the  first,  ninth,  and  tenth  of  these  objects  is 
probably  the  line  -5007,  characteristic  of  gaseous  nebulae.  The  line  called  H/3  in  the 
fourth,  sixth  and  seventh  objects  is  probably  the  line  4688,  characteristic  of  spectra 
of  the  fifth  type. 

EDWARD  C.  PICKERtNTi. 
September  28,  1807. 


Haryaed  College  Observatory. 
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SPECTRUM  OF  A  METEOR. 

The  photographs  of  the  spectra  of  the  stars  taken  at  the  Harvard  College 
Observatory  as  part  of  the  Henry  Draper  Memorial  differ  in  two  respects  from  those 
ordinarily  taken  elsewhere.  Instead  of  nsing  a  spectroscope  with  a  slit,  in  which  but 
one  star  is  photographed  at  a  time,  a  large  prism  is  placed  over  the  object  glass  of 
the  telescope  and  thus  spectra  of  all  the  bright  stars  in  the  field  of  view  are 
obtained.  The  number  of  stars  photographed  simultaneously  is  still  further 
increased  by  substituting  for  the  object  glass  a  portrait  lens  like  that  used  by 
photographers,  only  larger.  The  field  of  view  is  in  this  way  increased  from  two 
degrees  square  to  ten  degrees  square,  and  a  photograph  is  obtained  of  the  spectra  of 
all  the  brighter  stars  in  this  large  region.  Many  thousand  plates,  covering  the  entire 
sky,  have  been  taken  in  this  way  at  the  Cambridge  and  Arequipa  Stations  of  this 
Observatory.  All  have  been  examined  by  Mrs.  Fleming  and,  as  a  result,  numerous 
remarkable  objects  have  been  discovered.  One  of  the  latest  is  the  spectrum  of  a 
meteor  which  has  thus  been  photographed  for  the  first  time.  Since  it  is  impossible 
to  foresee  when  the  bright  meteors  will  appear,  or  what  path  they  will  follow,  a 
photograph  will  be  obtained  only  when  one  happens  to  cross  the  field  of  the 
telescope.  A  number  of  trails  of  meteors  have  been  obtained,  both  here  and  else- 
where, w^hen  charts  of  the  stars  were  photographed,  no  prism  being  used.  When 
the  prism  was  in  place  no  meteor  bright  enough  to  leave  a  noticeable  trail  has  here- 
tofore been  photographed  on  the  many  thousand  plates  examined.  At  about  11  p.  m. 
on  June  18,  1897,  however,  when  the  S-inch  Bache  telescope  at  Arequipa  was 
directed  towards  the  constellation  Telescopium,  a  bright  meteor  appeared  in  right 
ascension  18*  19'",  declination  — 47°  10',  and  passed  out  of  the  field  at  right  ascension 
18''  29™,  declination  —  50°  30'.  The  spectrum  consists  of  six  bright  lines  whose  inten- 
sity varies  in  different  portions  of  the  photograph,  thereby  showing  that  the  light  of 
the  meteor  changed  as  its  image  passed  across  the  plate.  The  approximate  wave- 
lengths of   these   lines  are    3954,    4121,  4195,    4344,    4636,  and    4857,    and    their 
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intensities  are  estimated  as  40,100,  2,  13,  10,  and  10,  respectively.  The  first,  second, 
fourth,  and  sixth  of  these  lines  are  probably  identical  with  the  hydrogen  lines  He, 
Hs,  Hy,  and  H/3,  whose  wavelengths  are  3970,  4101,  4341,  and  4862.  The  fifth 
line  is  probably  identical  with  the  band  at  wavelength  4633,  present  in  spectra  of 
stars  of  the  fifth  type  and  forming  the  distinctive  feature  of  the  third  class  of  these 
stars.  The  third  line,  which  is  barely  visible,  is  perhaps  identical  with  the  band  at 
wavelength  4200,  contained  in  these  stars  (Astron.  Xacli.  127,  p.  1). 

It  will  be  noticed  that  of  the  four  hydrogen  lines  in  the  spectrum  of  the  meteor, 
Hg  is  the  most  intense.  This  is  also  the  case  in  the  spectrum  of  o  Ceti  and  of  many 
other  variable  stars  of  long  period.  In  .some  variables  of  long  period  Hs  and  Hy  are 
equally  intense,  while  in  others  Hy  is  the  more  intense.  In  some  stars  of  the  first 
type  in  which  the  hydrogen  lines  are  bright,  like  y  Cassiopeiae,  the  line  H/3  is  much 
more  intense  in  the  photographic  spectrum  than  any  of  the  other  lines,  while  in  the 
spectra  of  stars  like  P  Cygni  and  ,;  Carinae,  Hs,  Hy,  and  H/3  are  nearly  equally 
bright.  These  results  .show  an  important  I'esemblance  between  meteors  and  stars 
having  bright  lines  in  their  spectra,  and  may  aid  in  determining  the  conditions  of 
temperature  and  pressure  in  these  bodies.  Since  bright  meteors  sometimes  appear 
during  the  November  meteoric  shower  a  special  effort  will  be  made  here  to  obtain 
photographs  of  them,  both  trails  and  spectra,  on  November  13. 

EDWARD  C.  PICKERING. 

November  8,  1897. 


Harvard   College    Observatory. 
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A    VARLIBLE    BRIGHT   HYDROGEN   LL\E. 

The  presence  of  the  bright  hydrogen  Une  H^  in  the  spectrum  of  the  star 
A.G.  C.  9181  was  found  from  tlie  Druper  Memorial  photographs  in  1895  and  was 
announced  in  the  Astrophysical  Journal,  Vol.  1,  page  411.  From  a  comparison  of 
photographs  of  this  object  taken  on  different  dates  Miss  A.  J.  Cannon  finds  that 
this  line  is  variable.  On  October  5,  1892,  it  was  invisible.  On  November  28,  1894, 
it  was  about  half  as  bright  as  the  corresponding  line  in  A.  G.  C.  9198,  «,  Canis 
Majoris.  On  April  27  and  oO,  1895,  the  line  in  A.  G.  C.  9181  was  distinctly  the 
brighter  of  the  two,  while  in  January,  1897,  it  was  again  invisible.  From  a  lar"-e 
number  of  photographs  of  this  object  taken  recently  it  appears  that  this  line  which 
was  bright  in   October,  1897,  is  now,  December  27,  invisible. 


A   NEW   SPECTROSCOPIC    BINARY. 

From  an  examination  of  the  Draper  Memorial  photographs  Mrs.  Fleming  finds 
that  the  star  A.  G.  C.  202G.S,  /s  Lupi,  is  a  spectroscopic  binary.  The  period  has  not 
yet  been  determined  but  photographs  are  being  taken  for  thi.s  purpose. 

Measures  of  the  spectroscopic  binaries  /x'  Scorpii  and  A.  G.  C.  10534  show 
that  the  relative  velocities  of  the  components  are  approximately  460  km.  and  610 
km.  respectively.  The  velocities  are  therefore  much  greater  than  in  the  case  of 
I  Ursae  Majoris  and  /j  Aurigae.  The  separation  of  some  of  the  lines  amounts  to  as 
much  as  9  tenth-meters. 

EDWARD  C.  P1CKERIN(J. 
January  1,  1898. 


Hakyakd   College   Observatory. 
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PHOTOGRAPHIC  MAGNITUDES. 

In  determining  the  photographic  magnitudes  of  the  stars  it  is  a  matter  of 
great  importance  to  know  how  much  their  relative  brightness  will  vary  on  different 
plates,  or  on  different  portions  of  the  same  plate.  It  is  especially  important  to 
determine  the  amount  of  this  error  since  it  is  not  easily  eliminated  and  has  been 
supposed  to  be  large  by  some  persons  not  familiar  with  stellar  photographs.  A 
moment's  investigation  of  photographs  of  the  same  portion  of  the  sky  shows  that 
this  source  of  error  is  small,  so  small  that  it  is  not  readily  determined  by  direct 
measurement.  The  uniformity  of  different  portions  of  the  film  is  shown  by  allowing 
the  stars  to  trail  over  the  plate.  The  different  portions  of  the  trails  appear  equally 
intense,  and  no  variation  is  perceptible  to  the  eye.  A  much  more  delicate  test  was 
found  in  the  discussion  of  a  series  of  measures,  made  by  Miss  E.  F.  Leland,  of  the 
variables  discovered  by  Professor  Bailey  in  the  Cluster  Messier  5.  Sixty-three 
of  these  variables  were  compared  on  41  plates  by  Argelander's  method,  with  a 
sequence  of  comparison  stars.  Estimates  were  made  of  the  difference  in  grades  of 
each  variable  from  the  next  brighter  and  the  nxet  fainter  star  of  the  sequence. 
The  sum  of  these  differences  gives  the  interval  between  the  comparison  stars 
and  combining  all  the  results  gives,  in  general,  several  measures  of  each  interval  on 
each  plate.  Each  comparison  star  in  turn  may  then  be  regarded  as  a  variable  and 
its  changes  in  light  determined  from  the  next  brighter  and  next  fainter  star  of  the 
sequence.  Comparatively  few  measures  were  made  of  the  six  brightest  and  the 
three  faintest  stars  of  the  sequence.  The  five  intermediate  stars  were  measured  on 
41,  39,  38,  30  and  30  photographs  respectively.  The  corresponding  ranges  in  the 
measures  derived  from  each  plate,  none  being  rejected,  were  0.14,  0.10,  0.12,  0.15, 
and  0.08  magnitudes,  and  the  average  deviations,  0.02,  0.01,  0.02,  0.03  and  0.02. 
The  largest  residual  was  0.10  and  this  depended  upon  two  estimates  only.  We  find, 
therefore,  that  on  the  average,  five  stars  were  measured  on  35  plates  with  a  range 
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of  0.12  magnitudes  and  an  average  deviation  of  0.02  magnitudes.  The  total  number 
of  estimates  from  which  these  results  are  derived  is  4294.  The  average  deviation 
0.02  includes:  1st.  The  errors  of  observation  which  are  increased  by  the  fact  that 
four  estimates  enter  into  each  determination,  but  are  diminished  since  on  the  average 
twelve  determinations  were  made  of  each  interval  on  each  jilate.  2d.  Errors  due 
to  neglecting  hundredths  of  a  magnitude,  the  computation  so  far  being  made  only  to 
tenths.  3d.  Errors  due  to  irregularities  in  the  film  which  enter  with  their  full 
value  into  the  result.  Since  the  combined  effect  of  these  three  sources  of  error  is 
only  i;  0.02,  it  is  evident  that  neither  of  them  can  be  large.  The  errors  due  to  the 
film  are  in  fact  so  small  that  there  is  no  evidence  that  they  exist  and  more  delicate 
methods  of  measurements  are  required  to  render  them  perceptible. 

EDWARD  C.  PICKERING. 
January  4,  1898. 


Harvakd   College   Observatory. 
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THE   VARIABLE   STAR   U   PEGASL 

Much  difficulty  has  been  experienced  in  determining  the  nature  of  the  variations 
in  the  light  of  this  star.  Mr.  Chandler  states  that  he  at  first  supposed  that  it  was  a 
star  of  the  Algol  type  having  a  period  of  2''.06  or  2''.07.  It  was  then  observed  by 
Mr.  Yendell  who  confirmed  the  variability  and  still  regarded  it  as  of  the  Algol  type, 
but  with  a  period  of  0''.69.  Mr.  Chandler,  under  date  of  October  26,  1895,  announces 
in  the  Astron.  Journ.  15,  p.  181,  that  the  period  is  5''  31™  9*.0  which  "is  probably  only 
a  moderate  fraction  of  a  second  in  error,"  that  it  is  not  of  the  Algol  type,  but  that  the 
times  of  increase  and  decrease  are  equal.  Mr.  Yendell  (Astron.  Journ.  16,  p.  78) 
states  that  the  time  of  increase  varies  from  1''  28'"  to  3''  41"'.  Again,  Mr.  Chandler 
(Astron.  Journ.  16,  p.  107)  announces  that  the  period  is  5''  32'". 25,  that  it  is  per- 
fectly regular,  and  that  previous  discrepancies  are  due  to  a  large  subjective  error 
amounting  to  0"\Qp,  in  which  2^  is  the  parallactic  angle.  The  correction  for  this 
ei'ror  will  sometimes  increase  and  sometimes  diminish  the  observed  time  of  minimum 
by  as  much  as  half  an  hour.  He  also  states  that  the  decrease  in  light  is  more  rapid 
than  the  increase,  and,  referring  to  the  short  period  variables  -q  Aquilae  and  S  Cephei, 
that  "  we  may  therefore  regard  U  Pegasi,  provisionally,  as  a  type  of  variability  dis- 
tinct from    this  class  of   stars,  as    it   evidently  is  from  those  of    the  Algol  type." 

Owing  to  these  uncertainties  it  seemed  desirable  to  determine  the  true  form  of 
the  light  curve  photometrically,  especially  as  such  observations  are  free  from  the 
subjective  error  mentioned  above,  since  the  images  compared  are  constantly  inter- 
changed. Assuming  the  light  curve  to  be  constant,  it  appeared  possible  to  determine 
its  form  from  observations  made  during  a  single  evening.  Accordingly,  measures 
were  made  by  Mr.  0.  C.  Wendell  with  the  polarizing  photometer  (Astrophys.  Journ. 
II,  89)  attached  to  the  15  inch  equatorial  telescope  of  the  Harvard  College  Observa- 
tory. The  results  for  a  single  evening,  December  28,  1897,  are  contained  in  the 
annexed  table,  the  first  column  giving  the  Greenwich  Mean  Time,  and  the  second 
the  photometric  magnitude  found  by  adding  the  observed  difference  in  magnitude 
between  U  Pegasi  and  the  comparison  star,  -\-  15°4916,  to  8.90,  the  photometric  mag- 
nitude of  the  latter  star.     These  observations  are  also  indicated  bv  the  crosses  in  the 
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fitriiro.     The  third  column  gives  the  residuals  found  by  subtracting  from  the  magni- 
tude o-iven  in  the  second  column  that  derived  graphical)}-  from  all  the  observations. 
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9.34 
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.00 
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Each  observed  magnitude  is  derived  from  the  mean  of  four  sets  of  four  settings 
each,  the  photometer  being  reversed  between  the  second  and  third  sets,  and  the 
positions  of  the  images  of  the  stars  interchanged  after  the  second  setting  of  each  set. 
The  magnitudes  derived  from  each  pair  of  sets  differ  on  the  average  i  0.04  magn. 
The  average  values  of  this  quantity  during  the  seven  successive  hours  of  obser- 
vation were  0.06,  0.03,  0.04,  0.03,  0.04,  0.04,  and  0.04  respectively.  As  they 
show  no  progressive  increase  it  is  evident  that  the  fatigue  of  the  observer  did  not 
sensibly  affect  the  accuracy  of  the  observatious.  The  accuracy  is  also  unaffected  by 
the  altitude  which  was  only  5°. 6  at  the  end  of  the  series.  No  correction  has  yet 
been  applied  for  differential  absorption,  which  is  small  but  sensible,  although  the  dis- 
tance between  the  stars  compared  is  only  15'.  The  computed  probable  error  of  a 
single  set  of  four  settings  from  these  differences  is  =b  0.024  magn.  The  average 
value  of  the  residuals  in  the  third  column  is  =b  0.017,  only  one  being  greater 
than  0.04. 

It  is  obvious  from  an  inspection  of  these  observations  that  the  star  had  nearly 
the  same  brightness  after  an  interval  of  4''  30'%  at  first  indicating  that  the  variable 
had  this  period  and  not  5''  31'".  But  later  observations  showed  that  the  phenomena 
were  not  quite  so  simple.  Assuming  the  pei'iod  4''  30"*  it  soon  appeared  that  the  even 
minima  were  fainter  than  the  odd.  Observations  continued  through  even  minima 
on   four   nights   gave  the   minimum    bricrhtness    of    U   Pesasi,   includincr    errors   of 
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observation,  9.94,  9.94,  9.92,  and  9.85  respectively,  while  corresponding  measnres  '«■' 
of  odd  minima  gave  the  magnitudes  9.78,  9.78,  and  9.75.  It  thus  became  evident 
that  the  period  should  be  doubled,  and  plotting  the  observations  a  light  curve  was 
formed  closely  resembling  that  of  (i  Lyrae.  The  formula  J.  D.  2413514. G157-(- 
0''.37478E  has  been  adopted  which  closely  represents  the  observations  recently 
made  and  also  a  few  less  accordant  observations  made  here  in  1895.  Changing  the 
period  by  two  seconds,  to  0''.3748,  would  alter  the  times  of  minima  in  1895  by  about 
an  hour  while  the  uncertainty  is  only  a  small  fraction  of  this  amount.  The  period 
may,  therefore,  be  assumed  to  be  8''  59'"  41*.  The  magnitude  at  maximum  is  9.30, 
at  primary  minimum  9.90,  and  at  secondary  minimum,  9.75. 

PHOTOMETRIC  OBSERVATIONS. 
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The  above  figure  represents  the  observations  on  a  scale  such  that  in  the 
ordinates  one  division  corresponds  to  a  tenth  of  a  magnitude,  and  in  the  abscissas 
to  30  minutes.  All  the  observations  made  by  Mr.  Wendell  on  eight  nio-hts  are 
included,  none  being  rejected  for  discordance.  In  fact,  the  most  discordant  set  of 
sixteen  settings  differs  from  the  mean  curve  by  less  than  a  tenth  of  a  magnitude. 
Each  dot  represents  80  settings,  the  method  of  overlapping  means,  in  common  use  in 
meteorology,  being  employed.  The  observations  of  December  28,  as  stated  above, 
are  represented  by  crosses,  each  representing  the  result  of  sixteen  settings.  The 
total  number  of  settings  was  2784  and  the  entire  time  of  observation  including 
rests,  about  30  hours. 
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If  we  neglect  the  difference  between  the  primary  and  secondary  minima, 
reduce  the  half  period  to  fractions  of  a  day,  and  multiply  it  by  16  we  obtain  the 
product  2''. 09824,  or  A^ery  nearlj-  three  days.  Therefore,  the  phases  recur  at  nearly 
the  same  times  every  three  days.  If  we  multiply  the  period  5''  32"'  15*  by  13  we 
obtain  2''.99948,  or  very  nearly  the  same  quantity.  In  either  case,  therefore, 
the  phases  would  recur  at  the  same  times  every  three  days,  but  with  the  second 
period  the  interval  between  successive  minima  would  be  greater  than  with  the 
first  period  in  the  ratio  of  16  to  13.  If  then  we  used  the  second  period  we  should 
find  the  observ^ed  minima  in  error  by  an  amount  equal  to  three-thirteenths  of  the 
hour  aTigle,  or  expressed  in  minutes  0"'.92A,  in  which  h  is  the  hour  angle  expressed 
in  degrees.  Since  the  latitude  of  Cambridge  is  -\-i2°A  and  the  declination  of 
U  Pegasi  is  -{-\b"A  it  follows  that  when  h  is  small  we  may  write  A  :=0.61^>  and  0'".  92/j 
=:0'".56/9  which  agrees  very  nearly  with  0"'.6/9  the  correction  found  empirically  by 
Mr.  Chandler  from  his  observations.  The  coefficient  becomes  larger  with  large 
hour  angles  having  the  values  0.61,  0.74,  and  0.91  for  /«=;  15°,  30°,  and  45°,  respec- 
tively. It,  therefore,  follows  that  by  the  application  of  the  correction  0"'.6p  not  only 
were  the  observed  times  of  minima  changed  in  some  cases  by  more  than  half  an 
hour  but  an  error  of  more  than  an  hour  was  introduced  into  the  half  period.  An 
arbitrary  correction  proportional  to  the  parallactic  angle  is  not  to  be  recommended, 
since  by  assuming  different  values  of  the  coefficient,  very  different  values  of  the 
period  will  be  found. 

From  the  above  discussion  it  appears  that  U  Pegasi  is  no  longer  the  variable 

star  having  the  shortest  period  known.     This  position  appears  to  be  held  by  the 

variable  m  Centauri  19,  discovered  by  Professor  Bailey  who  finds  its  period  to  be 

7''  11'".     Although    U  Pegasi   can  no  longer  be    regarded  as  an  example  of    that 

peculiar  class  of   short  period  variables  having  a   single    maximum    in   which    the 

decrease  is  more  rapid  than  the  increase,  this  class  is  still  represented  not  only  by 

S  Antliae,  but  by  «,  Centauri  24,  which  Profes.sor  Bailey  finds  to  decrease  twice  as 

rapidly  as  it  increases,  while  w  Centauri  45  increases  at  least  five  times  as  fast  as  it 

diminishes. 

EDWARD  C.  PKHCERING. 

January  14,  1898. 
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VARIABLE  STAR  CLUSTERS. 

Since  the  announcement  made  in  Circular  Nos.  2  and  18,  of  variables  discovered 
in  clusters,  a  further  examination  of  the  clusters  w  Centauri,  Messier  3,  Messier  5, 
and  N.  G.  C.  7078  has  been  made  by  Professor  Bailey.  As  a  result,  the  numbers  of 
known  variables  in  these  clusters  have  been  increased  by  62,  19,  22,  and  24  respec- 
tively, making  the  total  numbers  122,  1-32,  85,  and  51,  or  390  in  all  four  clusters. 
Adding  to  these  the  47  already  announced  in  other  clusters,  makes  the  total  number 
437. 

NEW"   VARIABLE    STARS. 

When  a  new  variable  star  is  discovered  at  this  Observatory  it  is  the  custom  to 
collect  all  the  photographs  of  the  i-egion  containing  it  and  to  derive  its  photogi-aphic 
magnitude  from  each  of  them  as  described  in  the  H.  C.  0.  Annals,  Volume  XXVI, 
page  250.  We  can  thus  determine  its  brightness  on  from  twenty  to  a  hundred  or 
more  nights  distributed  over  the  last  ten  years.  The  approxhnate  dates  of  maxima, 
the  corresponding  magnitudes,  the  period  and  the  form  of  light  curve  are  also  deter- 
mined so  far  as  possible.  Examples  of  such  results  have  already  been  published, 
but  every  year,  owing  to  the  increasing  amount  of  material,  the  work  becomes  more 
laborious  although  at  the  same  time  more  complete  and  exact.  Many  of  these  stars 
vary  irregularly  so  that  their  elements  cannot  be  determined  precisely.  When  the 
object  is  not  a  catalogue  star  its  position,  and  that  of  each  of  the  fainter  comparison 
stars  must  also  be  determined  from  measures  of  their  rectangular  coordinates.  An 
attempt  is  then  made  to  photograph  each  of  these  variables  once  a  month,  and,  if 
possible,  to  obtain  corresponding  observations  of  their  visual  magnitudes.  As  the 
total  number  of  variable  stars  discovered  here  is  now  more  than  a  hundred,  not 
including  those  found  in  clusters,  the  labor  involved  in  this  work  is  very  great. 
Accordingly,  it  is  difficult  to  deduce  all  the  required  data  for  one  star  before  another 
is  found.  The  accompanying  table  gives  the  material  that  has  been  so  far  collected 
for  the  variables  recently  discovered  here  from  the  Draper  Memorial   photographs 


CIRCl'LAU    NO.  24. 


R.  A. 

Dec. 

Type. 

No. 

iVIagn. 

Discoverer. 

Constellation 

Designation. 

1900. 

1900. 

Plates. 

Br. 

Ft. 

Eridanus     . 

—16°      771 

A.      m. 

3  59.8 

—16°     0' 

Ill 

35 

8  3 

9.4 

M.  Fleming. 

Eridnnus     . 

'     —2.5°    1766 

4     7.3 

—25    24 

III 

65 

8.1 

<12.5 

M.  Fleming. 

Monoceros 

—  8°    1641 

6  52.5 

—  8    56 

III 

43 

8.1 

10.3 

M.  Fleming. 

Piippis     .    . 
Puppis     .   . 
Uy.lra  .   .   . 
Carina  .    .   . 

—38°    4049 

8     1.7 

—38    29 

IV 

L.  D.  AVells. 

—22°    2160 

8     3.1 

—22    38 

IV 

L.  D.  Wells. 

—  5°    2550 

8  24.7 

—  5    59 

III 

M.  Fleming. 

K 

10  40.9 

—58    54 

149 

9.6 

10.7 

L.  D.  Wells. 

\'iigo    .   .    . 

—  5°    3424 

12     2.1 

—  6     12 

ill 

M.  Fleming. 

Centaiifiis   . 

13  15.1 

—61       3 

III 

M.  P^leming. 

A pus     .   .   . 

A.G.C. 19014 

13  55.6 

—76     19 

III 

Bootes  .  .  . 

+  14°    2700 

14     1.7 

+  13    59 

III.' 

L.  D.  Wells. 

Libia    .   .  . 

—17°    4122 

•14  30.3 

—17    36 

II  ? 

38 

8.3 

9.6 

E.  F.  Leland. 

Tiiang.  Aust 

A.G.C. 20554 

15     4.8 

—69    42 

IV 

85 

9.1 

9.8 

Sorpeus   .   . 

+  10°    2956 

16     2.5 

+  10    12 

III 

41 

9.0 

<11.9 

M.  Fleming. 

Aia    .... 

,  A.G.C.  23005 

16  54.3 

— 54     55 

IV 

L.  D.  Wells. 

I'avo     .   .   . 

1  A.G.C.  23935 

17  34.7 

—57    40 

IV 

L.  D.  Wells. 

Pavo     .   .   . 

17  41.1 

—62    23 

III 

65 

9.1 

<12.8 

M.  Fleming. 

Aia    .... 

17  45.7 

—51     40 

III 

]M.  Fleming. 

Cyguu.s    .  . 

1     +32°    3522 

19  37.1 

+  32    23 

IV 

L.  D.  Wells. 

Pavo     .  .   . 

'  A.G.C.  27560 

20     3.3 

—60    14 

III 

M.  Fleming. 

Capricornus 

A.G.C.  27776 

20  11.3 

—21     38 

IV 

55 

8.6 

10.3 

^licroscopiuii 

—40°  13888 

20  22.6 

—40    45 

III 

70 

8.5 

<12.5 

M.  Fleming. 

Capricornus 

—17°    6181 

21      1.7 

—16    49 

III 

79 

8.1 

9.3 

M.  Fleming. 

Aquarius     . 

—  14°    5960 

21      7.3 

—14    48 

in 

78 

8.4 

9.3 

M.  Fleming. 

Indus    .   .   . 

A.G.C.  29232 

21    13.6 

—45    27 

IV 

L.  D.  Wells. 

Andromeda 

1     +47°    4318 

23  50.3 

+48      5 

III 

48 

9.3 

9.8 

M.  Fleming. 

Cassiopeia  . 

23  .'>S.2 

+  55       7 

III 

101 

9.8 

<13.4 

M.  Fleming. 

R. 

A. 

4"    7'^.3 

R. 

A. 

6"  52'».5 

R. 

A. 

8"     r".7 

R. 

A. 

8"  24"'.7 

R. 

A. 

10"  40"'.9 

R.  A.    .S*  59"'.8.     Bright  hydrogen  lines  su.spected. 
Hydrogen  lines  bright. 
Hydrogen  lines  bright. 
Found  to  be  fourth  type  by  Mrs.  Flemhig. 
Bright  hydrogen  lines  suspected. 

This  star  is   No.  119  on  page  627  of  the  Argentine  General 
Catalogue. 

R.  A.  12''    2"'.l.     Bright  hydrogen  lines  suspected. 

R.  A.  1-3''  15'". 1.     Hydrogen  lines  bright.     The  position  of  this  star  for  1875  is 
R.A.  =13"  13'"  31\  Dec.=  —60°  55'. 

R.  A.  13"  55'". 6.     Bright    hydrogen     lines     suspected.     In    the     Uranometria 
Argentina,  page  243,  this  star  which  is  0  Apodis,  is  stated  to  be  variable.     Discovered 
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independently  by  Mrs.  Fleming  by  means  of  its  spectrum.     The  photographs  show 
a  variation  of  about  one  magnitude. 

R.  A.  IS''  4™.8.  In  Argentine  General  Catalogue  "  var  ?  "  Discovered  inde- 
pendently from  photographic  charts  by  Miss  L.  D.  Wells. 

R.  A.  16''     2'". 5.     Hydrogen  lines  bright. 

R.  A.  17''  41"M.  Hydrogen  lines  bright.  The  position  of  this  star  for  1875  is 
R.A.  =  17"  38"^  45%  Dec.=  —62'  2r.6. 

R.  A.  17"  45"'.7.  Hydrogen  lines  bright.  The  position  of  this  star  for  1875  is 
R.  A.  =  17"  43™  42*,  Dec.  =  —51"  39'.2. 

R.  A.  20"     3"'.3.     Bright  hydrogen  lines  suspected. 

R.  A.  20"  ir".3.  Suspected  of  variability  by  Secchi  and  others.  Found  inde- 
pendently from  the  photographs  by  Miss  L.  D.  Wells. 

R.  A.  20"  22'". 6.  Hydrogen  lines  bright.  Maxima  represented  by  formula, 
2410860  +  325  E. 

R.  A.  23"  50"'.3.     Bright  hydrogen  lines  suspected. 

R.  A.  23"  58'".2.  Hydrogen  lines  bright.  The  position  of  this  star  for  1855  is 
R.  A.  =  23"  55™  53',  Dec.  =  +  54°  52'.3. 

In  Circular  No.  10  the  variabihty  of  — 27°  15202  (erroneously  printed  15203) 
suspected  by  Thome  was  confirmed  by  Miss  E.  F.  Leland.  Measures  of  35  photo- 
graphs give  the  maximum  brightness  8.9,  minimum  <^12.3. 

In  Circular  No.  17  the  variability  of  a  star  in  R.  A.  =0"  25"'.6,  Dec. 
^ — 46°  58'  (1900)  is  announced.  Measures  of  26  photographs  give  the  maximum 
brightness  9.0,  minimum  <^12.2. 

In  Circular  No.  17  the  variability  of  a  star  in  R.  A.  =  13"  31"M,  Dec. 
^^  — 55"  58'  (1900)  is  announced.  Measures  of  42  photographs  give  the  maximum 
brightness  9.0,  minimum  <^12.6. 

In  Circular  No.  17  the  variability  of  a  star  in  R.  A.^20"  8'". 5,  Dec. 
=:: — 44°  43'  (1900)  is  announced.  Measures  of  114  plates  give  the  maximum 
brightness  9.0,  minimum  <^11.4. 

In  Circular  No.  19  the  variability  of  a  star  in  R.  A.  =  5"  18"'.9,  Dec. 
=  — 69°  21'  (1900)  is  announced.  Measures  of  51  photographs  give  the  maxi- 
mum brightness  8.2,  minimum  9.4. 

EDWARD  C.  PICKERING. 
January  31,  1898. 


^/ 


Hakvard   College   Observatory. 
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POLARIZING   PHOTOMETERS. 

Nearly  all  of  the  photometric  measurements  obtained  at  the  Harvard  College 
Observatory  during  the  last  twenty  years  liave  been  made  with  modifications  of 
three  forms  of  photometers  which  are  identical  in  principal.  The  first  of  these  is 
described  in  the  Annals,  Vol.  XI,  Part  I,  and  was  used  for  the  observations  contained 
in  that  isublication.  The  second,  the  meridian  photometer,  furnished  the  obser- 
vations contained  in  the  Annals,  Volumes  XIV,  XXIII,  XXIV,  and  XXXIV.  The 
third  photometer  is  described  in  the  Astrophysical  Journal,  Vol.  II,  p.  89.  In  all 
of  these  instruments  the  star  to  be  measured  is  compared  directly  with  another  star 
by  means  of  a  double  image  prism  and  Nicol.  In  the  first  instrument,  the  images 
of  two  adjacent  stars  are  brought  together  by  a  double  image  prism ;  in  the  second, 
images  of  two  stars  however  distant  are  brought  together  by  reflecting  them  by 
prisms  or  mirrors  into  two  object  glasses ;  in  the  third  photometer,  images  formed 
by  a  large  telescope,  of  two  stars  not  more  than  half  a  degree  apart,  are  bi'ought 
together  by  achromatic  prisms. 

An  objection  to  the  first  form  of  photometer  is  that  the  emergent  pencils  of  the 
images  compared  do  not  coincide.  Small  errors  may  therefore  be  introduced  by 
irregularities  in  the  cornea  of  the  eye  of  the  observer,  or  if  he  holds  his  eye  in 
such  a  position  that  a  portion  of  one  image  will  be  cut  off  by  the  edge  of  the  pupil. 
This  difficulty  has  recently  been  remedied  by  placing  a  second  double  image  2)r'ism 
in  the  focal  plane  of  the  telescope,  so  that  it  does  not  affect  the  position  of  the  two 
images  but  makes  the  emergent  pencils  coincide.  A  surprising  degree  of  accuracy 
may  then  be  obtained  in  the  measures.     Comparisons  of  the  star  o  Ceti  with  the 
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adjacent  .star — o°355,  wliicli  follows  it  about  10%  have  been  made  by  Mr.  0.  C. 
Wendell  with  the  15  inch  equatorial  of  this  observatory,  on  191  nights  during  the 
last  five  years.  Until  recently,  the  observotions  were  made  with  the  first  form  of 
photometer,  the  emergent  pencils  overlapping  by  about  two  fifths  of  their  diameter. 
Generally  thirty-two  settings  were  made  each  night,  and  the  mean  of  the  difierences 
of  each  pair  of  sets  of  four  settings  each  on  the  first  14  nights  of  observation  made 
durin"-  the  present  opposition  was  ±0.074  mngnitudes.  On  the  last  five  nights  the 
pencils  were  made  to  coincide,  as  just  described,  and  the  corresponding  average 
differences  were  0.020,  0.002,  0.025,  0.022,  and  0.0-32,  mean  ±  0.020.  On  the  second 
of  these  nights,  January  19,  1898,  the  eight  measures  of  the  difference  in  light  of 
the  two  stars,  each  derived  from  four  settings,  were  4.48,  4.48,  4.48,  4.48,  4.48,  4.48, 
4.48,  and  4.47.  Owing  to  variations  in  the  transparencj'  of  the  air  in  different 
parts  of  the  .sky,  this  degree  of  accordance  can  only  be  expected  when  .stars  near 
together  are  compared. 

The  accuracy  of  the  results  attainable  with  the  third  form  of  photometer  is 
shown  in  the  Astrophysical  Journ.  Vol.  Ill,  p.  281,  and  in  the  observations  of 
U  Pegasi  described  in  Circular  No.  23.  Mr.  Chandler  (Astron.  Journ.  Vol.  XVIII, 
p.  140)  while  admitting  the  principal  conclusions  given  in  that  Circular,  denies  the 
reality  of  the  small  dift'erence  0.15  between  the  primary  and  secondary  minima. 
This  quantity  is  so  small  that  it  doubtless  could  only  be  surely  determined  by  the 
most  accurate  photometric  measurements.  The  individual  results  derived  from  Mr. 
Wendell's  observations  are  therefore  given  below.  Twelve  observations,  each  con- 
sisting of  16  settings  were  made  when  the  star  was  within  twenty  minutes  of  its 
primary  minimum.  Deriving  from  each  of  these,  by  means  of  the  light  curve,  the 
magnitude  of  this  minimum  we  obtain  on  October  18,  1897,  9.89,  9.94,  and  9.96  ;  on 
December  30,  9.90,  9.95,  and  9.93;  on  January  1,  1898,  9.93,  9.86,  and  9.85; 
on  January  5,  9.85,  and  on  January  7,  9.86,  and  9.88.  Mean  of  all,  9.90,  greatest 
value  9.96,  least  value  9.85,  average  deviation  ±  0.035.  Similarly,  fourteen  obser- 
vations were  taken  within  twenty  minutes  of  the  secondary  minimum  with  the  results 
on  October  18,  1897,  9.75,  and  9.71;  on  October  29,  9.74,  9.69,  9.70,  and  9.70;  on 
December  28,  9.78,  9.77,  9.76,  and  9.80;  on  January  3,  1898,  9.77,  9.77,  9.74,  and 
9.78.  Mean  of  all,  9.75,  greatest  value  9.80,  least  value  9.69,  average  deviation 
d:  0.029.     It  will  be  noticed  that  the  largest  value  of  the  secondary  minimum  is  0.05 
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1 

less  than  the  smallest  value  of  the  primary  minimum.  If  we  assume  that  the 
primary  and  secondary  minima  are  really  equal,  all  of  the  first  of  these  values  give 
positive  residuals  with  the  mean  value  -|-  0.064,  and  all  of  the  second  (with  one 
exception  -f-O-Ol)  give  negative  values  with  the  mean  value  —  0.070.  The  prob- 
ability that  the  two  minima  are  really  equal  and  that  these  deviations  are  due  to 
accidental  error  is  exti'emely  small.  It  is  the  same  as  that  a  person  should  draw  a 
red  card  from  a  pack  of  cards  twelve  times  in  succession,  and  then  should  draw  a 
black  card  thirteen  times  out  of  fourteen.  On  the  other  hand,  if  these  deviations 
are  due  to  a  systematic  error,  it  is  very  singular  that  this  error  always  has  one  value 
at  the  time  of  a  principal  minimum,  and  another  at  the  time  of  a  secondary 
minimum. 

EDWARD  C.  PICKERING. 

February  8,  1898. 


Haryakd   College   Obseryatory. 
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OCCULTATION   OF   26   ARIETIS   OBSERVED   PHOTOGRAPHICALLY. 

The  disappearance  of  a  bright  star  when  occulted  by  the  Moon  is  always  a 
striking  phenomenon.  There  is  no  celestial  event  whose  time  is  susceptible  of  more 
precise  determination.  For  many  years  various  plans  have  been  suggested,  both 
here  and  elsewhere,  by  which  this  time  could  be  determined  with  greater  accuracy 
than  by  ordinary  visual  observation.  In  fact,  the  apparatus  for  photographing  the 
eclipses  of  Jupiter's  satellites,  used  here  for  several  years,  was  devised  in  part  for 
this   purpose. 

On  February  25,  1898,  Mr.  Edward  S.  King  for  the  first  time  succeeded  in 
satisfactorily  photographing  the  occultation  of  a  star.  The  apparatus  used  was  an 
improved  form  of  that  constructed  for  photographing  the  eclipses  of  Jupiter's 
satellites,  and  described  in  the  Astrophysical  Journal,  Vol.  I,  p.  146.  The  plate  was 
moved  automatically  every  second  by  means  of  an  electro-magnet.  A  motion  of 
about  0.0-3  cm.  was  given  to  the  plate  whenever  the  circuit  was  closed,  and  of  an 
equal  amount  when  it  was  opened.  Connecting  the  apparatus  with  the  standard 
clock,  Frodsham  1327,  two  images  alternately  faint  and  bright  were  obtained  every 
second.  As  the  faint  images  are  three  magnitudes  fainter  than  the  bright  images, 
the  ratio  of  the  durations  was  about  one  to  sixteen,  so  that  the  absolute  durations 
were  0^06  and  0''.94.  It  is  here  assumed  that,  as  the  times  of  exposure  were  very 
short,  the  chemical  action  was  proportional  to  the  time.  This  assumption  is  verified 
by  actual  measurement. 

Considering  only  the  images  taken  during  the  minute  following  6''  35™  0',  the 
bright  images  of  26  Arietis,  as  shown  below,  are  equally  intense  including  that 
having  an  exposure  lasting  from  50*.06  to  51^00.     Since  this  image  appears  to  be  as 
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bright  as  the  others,  the  light  of  the  star  could  not  have  begun  to  diminish  much 
before  the  thne  51". 00.  If  the  star  had  disappeared  suddenly  at  50\9  the  last  image 
would  be  at  least  0.12  of  a  magnitude  fainter  than  the  others,  an  amount  readily 
measurable.  The  next  image  is  apparently  invisible.  Had  the  disappearance 
taken  place  at  51*. 06  the  image  would  appear,  and  would  be  as  bright  as  the  other 
faint  images.  A  slight  darkening  of  the  film  is  perceptible  near  the  position  the 
next  image  would  have  had,  with  an  intensity  nearly  equal  to  that  of  the  fainter 
images.  If  this  were  due  to  the  star,  it  would  denote  that  the  latter  suddenly  disap- 
peared at  about  51M2.  The  absence  of  the  preceding  image  would  indicate  a  more 
gradual  disappearance.  In  any  case,  the  time  is  fixed  at  51M,  to  within  one  tenth 
of  a  second.  As  the  clock  was  2'"'  19'.4  fast,  not  including  armature  time,  the 
corresponding  Greenwich  Mean  Time  is  12''  54'"  26''".5.  By  using  shorter  exposures 
the  uncertainty  in  the  time  of  disappearance  can  doubtless  be  greatly  reduced, 
especially  in  the  case  of  the  brighter  stars.  Since  satisfactory  images  of  20  Arietis 
magnitude  6.1,  were  obtained  in  O'.OO,  it  is  probable  that  occultations  of  stars  as 
faint  as  the  ninth  magnitude  can  be  observed  photographically. 

Measures  were  next  made  of  the  intensity  of  the  last  five  images  of  26  Arietis, 
to  see  if  there  was  any  diminution  in  light  due  to  the  absorption  of  a  lumar  atmos- 
phere. The  distances  of  these  images  from  the  Moon's  limb  were  1".8,  1".4,  1".0, 
0".6,  and  0".2,  respectively.  The  corresponding  changes  in  light,  expressed  in  mag- 
nitudes as  compared  with  ten  more  distant  images,  were -(- 0.03, -)- 0.03, — 0.02, 
-(-0.03,  and  — 0.02.  A  positive  sign  denotes  that  an  image  was  fainter  than  those 
at  a  greater  distance  from  the  Moon.  From  this  it  appears  that  no  diminution  in 
light  was  preceptible.  No  correction  need  be  applied  to  any  of  the  above  calcula- 
tions for  the  diameter  of  the  star's  disc,  since,  assuming  its  intrinsic  brightness  equal 
to  that  of  the  Sun,  its  time  of  disappearance  would  be  only  0^002  (Proc.  Amer. 
Acad.  XVI,  p.  1). 

In  this  connection  it  is  interesting  to  note  that  the  determination  photographic- 
ally of  the  position  of  the  Moon,  by  means  of  a  star  about  to  be  occulted,  Avas  one 
of  the  subjects  investigated  by  Professor  G.  P.  Bond  forty  years  ago.  He  obtained 
a  number  of  photographs  of  the  Moon  and  a,  Virginis  shortly  before  the  occultation 
of  the  latter  on  June  2,  1857. 

EDWARD  C.  PICKERING. 
March  3,  1898. 


Harvard   College   Observatory. 
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COMPARISON    stars    FOR    VARL\BLES. 

Applications  have  recently  been  received  from  several  observers  of  variable 
stars  for  photometric  magnitudes  of  the  comparison  stars  used  by  them.  The  meas- 
urements described  below  are  available  and  will  be  furnished  in  advance  of  publica- 
tion to  any  astronomer  who  desires  to  use  them.  Sequences  of  comparison  stars 
have  been  selected  for  about  one  hundred  variable  stars  of  long  period.  Examples 
of  sixteen  of  these  sequences  will  be  found  in  the  pamphlet  entitled  Variable  Stars 
of  Long  Period,  4°,  Cambridge,  1891.  Each  of  the  comparison  stars  brighter  than 
the  tenth  magnitude  has  been  measured  on  at  least  three  nights  with  the  meridian 
photometer.  About  five  stars  of  each  sequence,  from  the  eleventh  to  the  thirteenth 
magnitude,  have  been  measured  on  two  nights  with  the  photometer  having  achro- 
matic prisms.  (Astrophysical  Journal,  Vol.  IT,  p.  89.)  The  intervals  between  the 
adjacent  stars  in  the  sequences  have  been  estimated  in  grades  on  three  or  more 
nights  by  Mr.  Wendell  with  the  fifteen  inch  telescope,  and  b}'  Mr.  Reed  with  the 
six  inch  telescope.  From  these  estimates  and  measures,  a  system  of  magnitudes  has 
been  derived,  in  which  the  accidental  errors  are  very  small,  and  in  which  the  scale 
for  faint  as  well  as  for  bright  stars  is  nearly  the  same  in  all  parts  of  the  sky.  This 
scale,  which  is  that  of  the  meridian  photometer,  is  substantially  the  same  as  that 
of  the  Potsdam  Observatory,  and  of  the  Uranometria  Oxoniensis,  the  differences  not 
exceeding  one  or  two  tenths  of  a  magnitude.  Observations  are  completed  of  the 
variable  stars  T  Andromedae,  T  Cassiopeiae,  R  Andromedae,  S  Ceti,  S  Cassiopeiae, 
R  Piscium,  R  Arietis,  T  Persei,  o  Ceti,  S  Persei.  R  Ceti,  U  Ceti,  R  Tauri,  S  Tauri, 
R  Aurigae,  U  Orionis,  R  Lyncis,  R  Geminorum,  S  Canis  Minoris,  R  Cancri,  S  Hydrae, 
T  Hydrae,  R  Ursae  Majoris,  X  Virginis,  R  Comae,  T  Virginis,  Y  Virginis,  T  Ursae 
Majoris,  R  Virginis,  S  Ursae  Majoris,  U  Virginis,  R  Hydrae,  S  Bootis,  R  Camelo- 
pardali.  U  Herculis,  W  Herculis.  R  Ursae  Minoris.  R  Draconis,  x  Cygni,  S  Cygni, 
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R  Delphini,  U  Cygni,  V  Cygni,  T  Aquarii,  T  Cephei,  S  Cephei,  SS  Cygni,  S  Aquarii, 
R  Pegasi,  S  Pegasi,  R  Aquarii,  and  R  Cassiopeiae,  and  it  is  expected  that  the  others 
will  be  finished  in  a  few  months.  An  attempt  is  made  at  this  Observatory  to  com- 
pare, by  Argelander's  method,  the  brightness  of  each  of  these  variable  stars  once  a 
month.  If  astronomers  elsewhere  would  reduce  their  observations  to  the  same  scale 
of  magnitudes  a  uniformity  in  results  would  be  obtained  which  is  now  unfortunately 
lacking.  These  measures  are  now  being  extended  to  other  variable  stars  of  long 
period  and  it  is  hoped  that  later  all  stars  of  this  class  may  be  observed  regularly  and 
according  to  a  uniform  system. 

Photometric  magnitudes,  determined  with  the  meridian  photometer,  can  also  be 
furnished  of  many  other  stars  brighter  than  the  tenth  magnitude,  besides  those 
mentioned  above.  Volumes  XIY,  XXIII,  XXIV,  and  XXXIV  of  the  Annals  give 
the  magnitudes  of  all  stars  from  the  North  to  the  South  Pole,  brighter  than  the 
sixth  magnitude,  besides  many  fainter  stars  generally  distributed  in  zones  at  regular 
intervals  of  five  degrees  in  declination.  Later  observations  have  been  made  of  all 
stars  of  the  magnitude  7.5  and  brighter,  north  of  the  declination  —  40".  A  redeter- 
mination of  the  brightness  of  all  the  stars  in  the  Harvard  Photometry  is  included  in 
this  work. 

MISCELLANEOUS  NOTES. 

The  variability  of  a  star  in  the  constellation  Aquila,  whose  position  is  in 
R.  A.  19"  33'"..3,  Dec. +  11°  29'  (1900),  has  recently  been  announced  by  the 
Rev.  T.  D.  Anderson  (Astron.  Nach.  145,  79.)  Measures  of  57  photographs  give 
the  maximum  brightness  9.2,  minimum  <;12.9.  The  variations  can  be  closely 
represented  by  the  formula,  J.  D.  2411550 -|- 3-30  E. 

The  Rev.  T.  E.  Espin,  in  Wolsingham  Observatory  Circular  No.  45,  calls 
attention  to  a  red  star  of  the  eighth  magnitude  in  R.  A.  8"  12'"  16*,  Dec. -[-32''  19' 
(1855),  not  contained  in  the  Durchmusterung.  This  star  appears  on  30  photo- 
graphs taken  from  December  3,  1889  to  March  5,  1898,  and  no  variation  in  light 
exceeding  two  or  three  tenths  of  a  magnitude  is  indicated.  The  individual  results 
differ  from  their  mean  by  ±  0.13  magn. 

EDWARD  C.  PICKERING. 
March  7,  1898. 
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PHOTOGRAPHIC   SPECTRUM   OF  THE  AURORA. 

Various  attempts  have  been  made  at  this  Oljservatory  to  photograph  the  spectrum 
of  the  aurora.  In  1886  on  several  occasions  long  exposures  were  given  to  plates 
during  bi'ight  auroras  but  no  result  was  obtained.  On  April  1,  1897,  Mr.  Edward  S. 
King  succeeded  in  obtaining  a  photograph  in  which  fovn-  bright  lines  were  visible,  but 
uncertainty  existed  regarding  their  wave  lengths.  The  exposure  was  147  minutes. 
During  the  bright  aurora  of  March  15,  1898,  he  obtained  a  photograph  showing  two 
bright  hues.  The  exposure  was  141  minutes.  The  brightest  of  these  lines  extends 
in  wave  length  from  about  3892  to  3925,  and  the  wave  length  of  the  second  is  4285. 
Assuming  the  two  brighter  lines  photographed  in  1897  to  be  identical  with  these, 
the  four  lines  on  that  plate  have  the  wave  lengths  3862,  3922,  4288  and  4694.  The 
first  of  these  lines  is  very  faint. 

The  errors  of  measurement  of  these  lines  do  not  exceed  one  or  two  units,  but 
much  greater  uncertainty  exists  in  the  reduction  owing  to  difficulties  in  comparing 
them  with  the  lines  of  the  solar  spectrum  which  was  photographed  upon  the  same 
plate.  Probably  the  two  auroras  gave  different  spectra.  That  in  1897  was  taken 
with  a  wide  slit  but  the  images  of  the  lines  were  well  defined  on  the  edges  and  of 
equal  width,  so  that  the  hne  3922  was  probably  really  narrow  and  coincident  vnth 
the  edge  of  greater  wave  length  of  the  line  3892  to  3925.  The  spectroscope  used  was 
not  especially  designed  for  photographing  faint  surfaces  and  it  is  hoped  that  better 
results  may  be  obtained  with  a  new  instrument  now  in  course  of  construction.  As  is 
the  case  with  all  results  announced  in  these  Circulars  it  is  expected  that  full  detalis 
will  be  published  later  in  the  Annals  of  the  Observatory. 

EDWARD  C.  PICKERING. 
March  23,  1898. 
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VARIABLE   STARS   OF   SHORT    PERIOD. 


Whoever  will  make  a  careful  examination  of  the  brightness  of  a  large  number  of 
stars  either  in  the  .sky,  or  better  as  photographed  upon  different  plates,  will  be 
impressed  with  the  vast  number  which  show  no  perceptible  variation.  The  discovery 
of  variable  stars  is  greatly  aided  when  we  are  able  to  make  a  suitable  selection  for 
examination,  either  from  their  spectra  or  from  their  presence  in  clusters.  Visually,  we 
can  never  be  sure  that  all  the  variables  in  a  given  region  have  been  found,  however 
carefully  we  may  study  them.  Photography  brings  this  problem  more  nearly  Avithin 
our  reach,  and  a  partial  solution  of  it  is  illustrated  in  the  accompanying  figure.  A 
photographic     telescope     was     constructed 

having  as  an  objective   a  Cooke  Anastig-  -«^' 

matic  Lens  with  an  aperture  of  2.6  cm.  and 
a  focal  length  of  33.3  cm.  This  telescope 
was  mounted  equatorially  and  the  lens  was  I 
alternately  exposed  and  covered  for  inter- 
vals of  exactly  10  and  50  minutes  by  an 
electrical  attachment.  The  polar  axis  of 
the  mounting  was  displaced  and  the   rate        i      •''  ^  < — 

of  the  dri^•ing  clock  was  increased,  so  that 
the  successive  images  should  be  .slightly- 
separated.  An  8  X  10  photograpliic  plate 
was  exposed  in  tliis  instrument  on  Aj^ril  21, 

1898,  and  eight  successive  images  were  obtained,  the  Greenwich  Mean  Times  of 
the  middle  of  the  expo.sures  being  13"  49'",  14"  49'",  15"  49'",  16"  49'",  17"  49'", 
18"  48'".  19"  48'",  and  2(1"  48'".     The  plate  covered  a  region  about  33'  square,  whose 
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centre  was  R.A.  =  1'' 2'".  Dec.  ^  + 7G'.6.  The  images  of  the  stars  m  the  corners  of  ^' 
the  plate  were  sufficiently  good  when  \'isible  to  show  very  slight  variations  in  light, 
but  owing  to  their  increased  size  the  faintest  stars  were  not  shown.  The  greatest 
loss  amounted  to  about  one  magnitude.  If  now  any  variable  star  having  a  period 
of  less  than  14  hours  was  contained  in  this  region  it  is  probable  that  at  least  one 
maximum  and  one  minimum  would  be  photographed.  The  figure  represents  a 
portion  of  the  plate  desci'ibed  above,  enlarged  ten  times  to  a  scale  of  60"  ^  0.1  cm., 
and  covers  about  one  square  degree.  It  therefore  represents  one  thousandth  of  the 
entire  plate,  the  size  of  which  on  this  scale  would  be  two  meters,  or  nearly  seven  feet 
square.  The  entire  sky,  from  the  north  to  the  south  pole,  could  be  covered  by  forty 
such  plates,  and  it  is  proposed  to  do  this  as  soon  as  the  best  method  of  taking  the 
plates  has  been  determined.  The  arrow  indicates  the  variable  star  U  Cephei,  and 
its  photometric  magnitudes  at  the  times  the  eight  images  were  taken  were  7.5,  8.1, 
8.9,  9.1,  9.1,  8.3,  7.6,  and  7.2.  The  three  stars  above  it  are +  81°  30.  +  81"  27.  and 
+  81°  29,  which  have  the  photometric  magnitudes  7.9,  8.5,  and  8.6.  To  separate 
the  successive  images  various  methods  have  been  tried.  The  be.st  of  these  seems  to 
be  stopping  the  driving  clock  for  a  few  seconds  every  hour.  By  the  above  plan  we 
hope  to  secure  a  complete  list  of  all  variable  stars  of  short  period  brighter  than  the 
ninth  magnitude  at  maximum  whose  variation  exceeds  half  a  magnitude  and  whose 
period  is  less  than  a  day.  Doubtless,  many  other  variable  stars  of  longer  jieriod, 
and  stars  of  the  Algol  type  may  also  be  incidentally  found. 

EUWAKD  C.  PICKERING. 
Mav  21.  1898. 


Harvard  College  Observatory. 


CIRCULAR    IVo.   SO. 


THE  SUPPOSED  VARIABLE  STAR.  Y  AQITLAE. 

Measures  to  determine  the  light  curves  of  variable  stars  of  short  period,  north  of 
declination  — 40"",  are  now  in  progress  with  the  meridian  photometer.  Four  sets  of 
four  settings  each  are  ordinarily  made  when  the  star  to  be  observed  is  about  half  an 
hour  east  of  the  meridian,  and  again  about  an  hour  later.  These  measures  are  repeated 
on  twentv  or  thirty  nights.  The  principal  error  is  that  due  to  the  unequal  trans- 
parency of  the  air  in  different  portions  of  the  sky,  the  stars  compared  being  often  far 
apart.  The  accidental  errors  of  measurement  are  small  owing  to  the  numljer  of  settings. 
Smooth  light  curves  have  been  found  for  all  the  stars  thus  measured,  with  the 
exception  of  +10"  37S7.  The  designation  Y  Aquilae  was  given  to  this  star  bv  Mr. 
S.  C.  Chandler,  and  in  liis  catalogue  of  variable  stars  he  states  that  it  varies  from  magni- 
tude 5.3  to  5.7  in  a  period  of  4.986  davs.  Also,  that  it  was  "  Susp.  by  Gould,  confirmed 
by  Chandler.  1894  ;  also  by  Yendell."  It  will  be  noticed  that  the  period  is  so  nearh 
five  days,  that  for  several  months  the  same  phase  will  recur  at  about  the  .same  hour 
angle,  thus  permitting  errors  to  occur  in  ^-isual  observations  by  Argelander's  method, 
such  as  are  mentioned  in  Circular  No.  2.3,  and  which  led  to  such  whollv  erroneous 
conclusions  in  the  case  of  V  Pegasi. 

The  star  +10°  3787  was  observed  with  the  meridian  photometer  on  nineteen  night*:, 
from  August  25  to  October  13,  1897.  Placing  together  the  observations  having  the 
same  phase  we  find,  corresponding  to  the  phase.s  0''.0,  P'.O.  2''.0.  3''.0,  and  4''.().  the 
mean  residuals  — O.d'.l.  ().()().  +0.02,  +0.02,  and    +0.03.     We  mio-ht  infer  a  variation 


cinruLAi!  xn.  :";o. 

with  a  raiiaje  of  a  tenth  of  a  magnitude,  but  the  first  vahu'.  — ;).0'.i.  depends  on  obser- 
vations on  a  single  night,  and  the  range  of  the  other  foui'  is  only  O.Oo.  This  star  is 
No.  39,  of  the  standards  selected  by  the  observers  at  Potsdam,' and  they  state  that  from 
their  observations,  they  find  no  confirmation  of  the  variation  suspected  by  Dr.  Gould. 
Mr.  Chandler,  however.(Astron.  Jouru.  XIV.  loo)  states  that  these  observations.  57  in 
number,  confirm  the  period  of  variation  that  he  has  found,  although  indicating  that 
the  ranse  of  variation  is  less.  A  reduction  of  these  observations  made  here,  however. 
leads  to  the  same  conclusion  as  that  found  at  Potsdam.  The  actual  number  of  o1)ser- 
vations  of  this  star  made  at  Potsdam  appears  to  be  75,  not  57,  49  of  tliem  in  determining 
the  light  of  the  standards,  and  26  in  the  supplementary  zones.  Grouping  them 
according  to  phase,  we  obtain  the  residuals  —0.07,  —0.11:2,  +0.01.  0.00,  and  — O.IC), 
corresponding  to  the  pha.ses  0''.G,  1''.6,  2''.6,  -S'^G,  and  4''.G.  The  last  residual  is  reduced 
to  —0.12  if  we  reject  the  observations  on  one  night,  and  to  — 0.09,  if  we  reject  those 
made  on  two  nights  and  use  only  the  observations  from  which  the  light  of  the  funda- 
mental stars  was  determined.  To  decide  whether  such  residuals  as  these  are  due  to 
accident,  the  Potsdam  observations  were  again  grouped  assuming  a  period  of  six  days 
instead  of  five.  The  mean  residuals  corresponding  to  the  phases  0,  1,  2,  3,  4,  and  5 
days  then  become  —0.03, —0.19, —0.14, —0.02,  -^0.01,  and  0.00.  The  preponder- 
ance of  negative  residuals  is  caused  by  the  suj)plementary  observations  which  indicate 
that  the  star  was  slightly  brighter  than  when  the  standards  were  originally  measured. 
Grouping  the  observations  with  the  meridian  photometer  in  the  same  way,  we  oljtain 
the  mean  residuals  0.00,  0.00,  -0.07,-0.02,  —0.02,  and  -1-0.07.  In  both  cases,  there- 
fore, a  period  taken  at  random  indicates  variability  more  clearly  than  that  hitherto 
assumed.  .Mr.  Yendell  (.Vstrou.  Jouru.  XIV.  lliO).  confirms  visually  the  variability  of 
this  star. 

The  accuracy  of  the  observations  described  in  Circulars  Xos.  23  and  25,  seems  to 
afford  a  conclusive  test  of  the  variability  of  this  star.  Accordingly,  comparisons  were 
made  by  Mr.  Wendell  with  the  photometer  attached  to  the  15  inch  equatorial  telescope 
on  May  9,  10,  13,  14.  21,  and  22, 1898.  Eighty  settings  were  made  each  night.  The 
comparison  star  was  4-10°  3784.  The  mean  differences  of  magnitude  were  3.63,  3.64, 
3.60,  3.66,  3.66,  and  3.62,  and  the  average  deviations  from  their  means,  of  the  five 
groups  of  sixteen  settings  each  on  the  different  nights,  were  ±0.022.  ±0.028.  ±0.02o, 
±0.f)12,  ±0.030.  and  ±0.012.     The  first  and  fourtli  nights  liave  nearly  the>ame  phase, 
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()''.S.  Combining  these  in  one  group,  and  placing  the  others  in  the  order  of  phase,  we 
have  the  phases,  0''.8,  T'.S.  2''.8,  3''.9,  and  4''.8.  and  tlie  corresponding  residuals,  (J. 00, 
0.00.  —0.02,  +0.02,  and  —0.02.  A  positive  residual,  as  usual,  denotes  that  the  star 
was  faint.     The  average  value  of  these  residuals  is  ±0.012,  and  the  range  0.04. 

The  three  series  of  photometric  observations  discussed  above,  therefore,  fail  to 
show  any  evidence  of  variation,  since  deviations  of  a  tenth  of  a  magnitude,  except  in 
the  last  series  of  measures,  may  be  ascribed  to  errors  of  observation.  Since  it  is 
impossible  to  [)rove  that  the  light  of  a  star  never  changes,  this  star  may  still  he  an 
Algol  variable  with  a  short  tune  of  variation,  or  the  period  may  l)e  entirelv  wrong. 

EDWARD  V.  riCKERIXG. 
Mav  25.  1898. 
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THE    NOVEMBER    METEORS. 

On  the  night  of  November  13,  1897,  91  meteors  were  ob.served  at  the  Harvard 
College  Observatory,  and  47  meteors  at  an  auxiliary  station  12  miles  south,  the  Blue 
Hill  Meteorological  Observatory.  A  discussion  of  these  observations  by  Professor 
W.  H.  Pickering  will  be  found  in  the  Annals  of  this  Observator}-,  ^'olume  XLL.  No.  V. 
A  much  greater  display  of  meteors  is  expected  next  year,  and  it  is  very  imjjortant 
that  a  continuous  watch  .should  be  kept  during  the  two  or  three  days  in  which  the 
Earth  is  passing  through  the  denser  portion  of  the  meteor  stream.  This  can  onlv  be 
done  by  estabUshing  a  series  of  stations  in  various  longitudes,  so  that  during  the 
entire  time  one  or  more  of  these  stations  shall  fulfil  the  conditions  that  the  radiant 
point  shall  be  above  the  horizon  and  the  Sun  below.  Correspondence  is  invited  with 
astronomers  and  others  willing  to  particijjate  in  tliis  work,  especiall}-  with  those  who 
vnW  be  in  the  less  frequented  longitudes.  If  the  weather  is  favorable,  and  the  plan . 
here  pi-oposed  is  carried  out  satisfactorily,  it  is  expected  that  all  the  observations 
will  be  discussed  here,  and  published  in  the  Annals  of  this  Observatory.  To  secure  the 
best  results  a  uniform  plan  of  work  is  essential.  Maj^s  and  foi'ms  of  record  will  be 
sent  to  all  who  earh"  signify  their  readiness  to  take  part  in  this  worT^.  The  radiant 
point  of  the  meteors  indicated  by  the  cross  in  the  accompanying  map.  will  not  rise  in 
this  latitude  until  K)''  oO'",  and  twilight  will  interfere  at  about  o''  oil'"  in  tlie  morniuo-. 
As  the  shower  sometimes  begins  before  the  predicted  date,  a  watch  should  be  kept  on 
November  11  and  12,  from  11  to  1  o'clock,  and  if  many  meteors  are  seen  the  observa- 
tions described  below,  for  November  13,  should  be  made  on  these  nights,  and  also  on 
the  nights  following  the  shower. 

Each  observer  is  requested  to  devote  his  attention  to  the  region  within  2-"/  of  the 
radiant  point,  and  included  in  the  map.  and  to  send  the  following  data  regarding  his 


1)'^ 


•     •     •      •      • 


^      TSadian^. 


CIRCULAR   XII  31. 

observations :  —  Name  of  observer,  location  of  station,  post  office  address,  time  of 
Ijeginning  and  ending  of  observations,  interruptions  by  clouds  or  other  causes,  con- 
dition of  sky.  as  clear,  hazy,  passing  clouds,  etc. 

The  observations  most  desired  are  those  required  to  determine  the  frequencv  of 
the  meteors.  They  are  of  extreme  simplicity  and  need  only  care,  system,  and  per- 
severance. Once  an  hour,  or  better  once  every  half  hour,  observe  and  record  the 
time  during  which  ten  meteors  appear.  Tliis  is  most  easily  done  by  noting  the  time 
l)y  a  watch  and  at  exactly  the  beginning  of  a  minute  looking  at  the  sky,  giving  it 
undivided  attention  and  counting  the  meteors  seen,  not  including  those  appearing 
outside  of  the  region  covered  by  the  map.  If  great  numbers  of  meteors  appear  it  may 
be  Ijetter  to  count  a  larger  number,  as  twenty  or  even  fifty.  If  the  interval  between 
the  meteors  is  long,  the  number  to  be  counted  may  be  reduced.  These  observations 
should  be  repeated  until  dawn,  or  over  as  long  an  interval  as  possible.  Between 
these  observations  the  observer  ma}*  rest,  or  may  make  special  observations  of  indi- 
vidual meteors.  Thus,  when  a  meteor  is  seen,  record  the  hour  and  minute,  the 
brightness  on  a  scale  of  stellar  magnitudes,  —  2.  equals  the  brightness  of  Jupiter  or 
Sirius ;  0,  Arcturus  or  Vega ;  2,  the  Pole  Star ;  4,  the  Pleiades ;  6,  the  faintest  star 
visible  ;  the  color,  B  =:  blue,  G  =^  green,  Y  =  yellow,  W  ==  white,  and  R  ^  red  ;  the 
class,  Lr=  Leonid,  if  path  prolonged  would  pass  through  centre  of  map.  N  =  other 
meteors.  Thus  L  o  Y,  12''  2(i"'.  indicates  that  a  Leonid,  magnitude  o.  yellow  in  color, 
was  seen  at  12''  26'".  Find  by  trial  beforehand  how  many  seconds  are  required  to 
make  each  record.  Again,  the  path  of  each  meteor  may  be  marked  upon  the  map  by 
noting  its  position  in  relation  to  the  adjacent  stars.  Such  work  can  be  done  equally 
well  elsewhere,  and  should  not  interfere  with  the  hourly  coimt  mentioned  above. 

EDWARD   C.  PICKERING. 
Mav  30.  1898. 


Harvaed   College   Observatory. 
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STARS   HAVING   PECULIAR   SPECTRA. 

.  A  list  of  stars  having  peculiar  spectra  is  given  in  the  annexed  table.  With  one 
exception,  noted  below,  they  Avere  all  discovered  by  Mrs.  Fleming  in  her  regular 
examination  of  the  Draper  Memorial  photograjjhs.  The  designation  of  the  star,  its 
approximate  right  ascension  and  dechnation  for  1900,  its  catalogue  magnitude,  and 
a  brief  description  of  its  photographic  spectrum  are  given  in  the  successive  columns  of 
the  table.  When  the  oljject  is  not  a  catalogue  star  its  position,  as  derived  from  a 
photograph,  is  given  in  the  notes  following  the  table. 


DKS,.,...X,0.. 

E.  A.  liWO. 

Dec.  1900. 

.M.^ox. 

Uesckutiox. 

h       m 

0  54.2 

—  75°  32' 

Tvpe  III.     Hvdroueii  lines  brioht.     Variable. 

+  11°  305 

2     9.6 

+  11    47 

8.9 

Type  IV. 

A.  G.  C.  404-2 

3  35.2 

—  55    43 

8.2 

Type  III.     Ilycli-otjen  lines  bright?     Variable. 

4  52.0 

—  67      6 

Gaseous  nebula.     Gal.  long.  244°  36',  lat.  —36°  03'. 

Z.'C.  5"' 418  ' 

5  12.3 

—  47      2 

8.5 

Type  III.     Hydrogen  lines  bright.     Variable. 

—  12°  14.53 

6  17.1 

—  12    56 

9.6 

Gaseous  nebula.     Gal.  long.  188°  54',  lat.  — 11°  01'. 

—  12°  1500 

6  23.7 

—  12    59 

7.7 

Type  I.     Hy3  bright. 

+  5°  1267 

6  25.2 

+    5    57 

7.1 

Type  I.     Ylfi  bi-ight. 

—  8°  1467 

6  28.1 

—    S    48 

8.5 

Peculiar.     Variable  with  small  range. 

+  6°  1309 

6  32.0 

+    6    14 

6.5 

Type  I.     H/3  bright.     H.  P.  1250. 

7  13.9 

—  13      3 

Tvpe  V.     Gal.  long.  195°  30',  lat  +1°  11'. 

—  3°  1873 

7  18.1 

—   4      0 

9.2 

Type  IV. 

— 11^1941 

7  22.4 

—  11    31 

8.9 

Peculiar.     Variable. 

— 17°  2442 

8  15.2 

— 17    57 

9.1 

Type  IV. 

9     6.1 

—  69    32 

Gaseous  nebula.     Gal.  long.  253=  06',  lat.  —  14°  50'. 

9  13.5 

—  65    49 

Type  IV.     Variable. 

+  60=1246 

10     8.3 

+  60    31 

6.3 

Type  III.     Peculiar.     Variable. 

A.  G.  C.  14145 

10  17.2 

—  55    33 

5 

Tvpe  I.     Hfi  and  Hy  bright.     J  Velornm. 

A.  G.  C.  14686 

10  40.1 

—  59      1 

7 

Type  I.     H^  bright. 

10  42.6 

—  65      5 

Tvpe  IV. 

z.  0.11"  129' 

11     2.9 

—  54    35 

9  ' 

TVpe  IV. 

11  55.3 

—  54    33 

_ 

Type  IV. 

—  4=3199 

11  59.6 

—   5    13 

8.7 

Tvpe  II.     Variable. 

13  26.8 

—  61    48 

Type  V.     Gal.  long.  275°  30',  lat.  —  0°  18'. 

13  29.1 

—  61     45 

Type  V.     Gal.  long.  275°  46',  lat.  —  0°  18'. 

15  26.7 

—  71    34 

T'ype  I.     11^,  Hy,  H8,  He,  and  H^  bright. 

Z.'c.  18"1935 

18  3.5.2 

—  51    51 

9  ' 

Type  IV. 

19  47.0 

—  65    37 

Peculiar. 

21  36.6 

—  65    30 

Tjqie  IV. 

s-  5858 

22   16..-, 

^           ^ 

8..5 

Tyi>e  III.     Hydrogen  lines  bright  ?     Varialile. 

CIRCl'LAK    NO.  r.-i. 

0"  oV":2.     Position  for  1 87-3.  R.  A.  =  0"  53'"  22^4.  Dec.  =  —  7o°  40'  30". 

4"  .32'".(i.  Position  for  187-').  R.A.  =  4"  52'"  p-.2,  Dec.  =  —  67°  7'  39".  This  ol)ject 
isN.G.C.  1714. 

7"  13'".'.!.     Position  for  1855,  R.  A.  =  7"  11'"  45\4.  Dec.  =  —  12°  58'  2". 

7''18'".1 .  In  the  Astron.  Nach.  Vol.  118,  p.  259.  Espin  give.s  —  3°  1886,  magn.  8.7, 
as  having  a  spectrum  of  the  fourth  type.  — 3°  1886  follows — 3°  1873  1'".8  south 
0'.3.  and  has  a  spectrum  of  the  first  type.  Prol)ably  —  3°  1873  was  the  object 
observed  by  Espin  but  erroneously  identified  hy  liim. 

7''22'".4.  The  spectrum  of  tiiis  star  resemljles  that  of  a  star  of  the  fourth  type. 
The  bands,  however,  are  of  shorter  wave  length,  and  are,  perhajjs,  identical  with  those 
of  a  star  of  the  third  type.  The  portion  of  the  sjjectrum  whose  wave  length  is  less 
than  Hy,  4341.  is  too  faint  to  ajjpear  in  the  photographs. 

9''  6"'.l .     Position  for  1875,  R.  A.  =  9"  5'"  50^3,  Dec.  =  —  69°  25'  58". 

9"  13"'.5.     Position  for  1875,  R.A.  =  9"  12™  59^8,  Dec.=  —65°  42'  37". 

Id''  17'". 2.  Tiie  lines  H/3  and  Hy  in  this  star  have  ))een  found  to  be  variable  ))y 
Miss  A.  J.  Cannon.  On  June  2,  1893.  tliey  were  l)right,  and  superposed  on  a  broad 
dark  band.  On  Ai)ril  17,  1895,  and  March  17.  1896,  these  lines,  like  the  other  hydro- 
gen lines,  were  dark. 

1((''  4(1'". 1.  The  hydrogen  lines  in  this  star  appear  to  be  variable.  On  May  20, 
1892.  H/3.  Hy.  and  H8  were  dark.  On  April  3,  1895,  the  line  H^  was  In-ight.  On 
April  21.  1S95.  11^  and  Hy  were  l)right.  H^  and  H17  were  dark,  with  the  edge  of 
greater  wave  length  apparently  Ijright. 

10"  42'".6.     Position  for  1875,  R.  A.  =-  10"  41'"  40\8,  Dec.  =  —64°  57' 20". 

11"  55"'.3.     Position  for  1875.  R.  A.  =  11"  54'"  3M,  Dec.  =  -  54°  25'  24". 

13"  26»'.8.     Position  f(n-  1875,  R.  A.  =  13"  25"^  6^2,  Dec.  =  —  61°  40'  30". 

13"  29'".1.     Position  for  1875,  R.  A.  =  13"  27"'  23^2,  Dec.  =  -  61°  37'  4". 

15"  26'".7.  Position  for  1875.  R.  A.  =  15"  24'"  8\2,  Dec.  =  —  71°  29'  20".  This  is 
the  object  Avhose  po.sition  for  1900  is  announced  in  Astronomy  and  Astrophy.sics, 
Vol.  12.  p.  546,  as  R.  A.  =  15"  27'". 0,  Dec.  —  71°  32'.  Its  spectrum  is  there  described 
as  of  the  third  type  having  also  bright  hydrogen  lines,  and  consequently  it  was  sus- 
pected of  variability.  Later  and  better  photographs  show  that  the  spectrum  is  con- 
tinuous, with  the  hydrogen  lines  H^S.  Hy,  HS.  He,  and  H^  bright,  resembling  that  of 
17  Carinae  as  seen  with  the  same  dispersion.     The  varial)ility  is  not  confirmed. 
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19"  47'".0.     Position  for  187-3.  R.  A.  =  19"  W"  37^0.  Dec.  =  —  65°  41'  9". 
21"  36'«.6.     Position  for  187.3,  R.  A.  =  21"  SI"*  37\9,  Dec.  =  —  65°  37'  28". 

STARS  RESEMBLING   ^  PUPPIS. 

Besides  ^  Puppis,  the  additional  lines  due  to  hydrogen  are  present  in  the  spectra  of 
the  first  and  second  classes  of  stars  of  the  fifth  type  (Astron.  Nach.  Vol.  127,  p.  1) ,  and 
in  the  spectra  of  the  first  group  of  stars  of  the  Orion  type  according  to  the  classifica- 
tion of  Miss  Maurv  (H.  C.  O.  Annals,  XXYIII,  p.  15) .  The  hues  whose  wave  lengths 
are  there  given  as  420U.3,  4542.7,  are  probably  additional  hydrogen  lines,  and  the  line 
4(J85.4  probably  coincides  with  the  bright  Ijaud  in  ^  Puppis.  JVIiss  A.  J.  Cannon, 
from  a  careful  study  of  the  Draper  Memorial  photographs  of  the  blight  southern  stars, 
has  added  the  following  stars  to  those  alread}-  known  to  contain  these  lines.  In 
A.G.C.  17572  the  lines  3925,  4(127,  42()2,  and  4544  are  present  and  dark.  In  the 
fifth  type  stars,  A.G.C.  8631  and  22763,  the  lines  4027,  4202,  and  4544,  and  the 
bands  4633  and  4688  are  present  and  bright.  In  the  fifth  type  stars,  A.G.C.  10863 
22748,  and  22843,  the  hydrogen  lines  3925,  4027,  4202,  and  4544  are  present  and 
dark,  and  the  bands  4633  and  4688  are  present  and  bright.  The  l)and  4633  is  double 
in  the  last  two  star.s,  and  also  in  A.G.C.  9311,  29  Canis  INIajoris. 

EDWARD    C.  PICKEKIXG. 
-June  21.  1898. 


Harvard   College   Observatory. 
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VARIABLE   STARS  IN   CLUSTERS. 

The  discovery,  by  Professor  S.  I.  Bailey,  of  the  presence  of  hxrge  numbers  of 
variable  stars  in  certain  globular  clusters  has  already  been  announced  in  Circulars 
Nos.  2  and  18.  A  systematic  search  for  such  variable  stars  has  been  made  by  Pro- 
fessor Bailey  and  has  led  to  the  results  given  below.  In  the  following  table  the  first 
colinnn  gives  the  number  in  the  New  Genei'al  Catalogue  of  Dreyer ;  the  second,  the 
Messier  nmiiber,  or  in  certain  cases  some  other  designation ;  the  tliii'd  and  fourth 
columns  the  position  for  1900;  the  fifth  cohunn  the  approximate  number  of  stars 
examined ;  the  sixth,  the  number  of  plates  used  in  the  examination.  In  the  case  of 
certain  clusters  later  investigations  have  included  more  plates.  The  seventh  column 
gives  the  area,  always  a  circle  having  for  its  centre  the  centre  of  the  cluster,  included 
in  the  examination.  The  eighth  column  gives  the  number  of  varialjle  stars  found ; 
the  ninth,  the  maximum  distance  of  any  variable  from  the  centre  of  the  cluster.  In 
N.  G.  C.  7078  tliis  distance  is  given  as  7',  since  a  circle  having  a  radius  of  7'  includes 
50  variables.  One  variable,  perhaps  not  related  to  the  others,  is  found  at  a  distance 
of  10'.  The  tenth  column  gives  the  area  of  a  circle  of  sufficient  radius  to  include 
all  the  variables.  The  eleventh  column  gives  the  proportion  of  variables  to  the 
whole  number  of  stars  examined ;  the  twelfth,  the  number  of  stars  to  one  variable. 

As  will  be  seen  by  reference  to  the  table,  the  whole  number  of  stars  examined  is 
19050,  of  which  509  are  variable.  This  amounts  to  one  variable  in  37  stars  or  nearly 
3  per  cent.  It  does  not  follow  however  that  clusters  in  general  contain  more  vari- 
able stars  than  occur  elsewhere,  for,  if  we  except  the  fovn*  clusters,  w  Centauri,  Messier 
3,  Messier  5,  and  Messier  15,  which  together  contain  393  variables,  an  average  of 
7  per  cent,  the  remaining  19  clusters  have  116  variables  among  13350  stars,  or  less 
than  one  per  cent.  There  is  a  veiy  striking  difference  between  the  results  obtained 
in  clusters  equally  rich  in  stars,  as  for  example,  between  Messier  13,  the  great  cluster 
in  Hercules,  where  an  examination  of  1000  stars  shows  two  variables,  one  in  500 ; 
and  Messier  3,  where  among  900  stars,  132  are  variable,  one  in  7.  A  common  plane 
of  revolution,  orbital  or  axial,  of  the  different  systems  or  individuals  of  star  cluster's, 
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VARIABLE   STARS  IX   CLUSTERS. 


I'l'S 

it  ion,  1900. 

No. 
st.irs 

i'ned. 

No. 
plates 

i'ned." 

Area  ex- 
amined. 

No. 

bles 
found. 

Jlaxi- 

dis- 
tance. 

Area  of 
vari- 
ables. 

I'ropor- 
tion  of 
varia- 
bles. 

No.  of 
stars  to 
one  var. 

Designation. 

R.  A. 

Dec. 

1 

h.      m. 

0         I 

Sq.  Min. 

, 

.S<i.  Min. 

104 

47  Tucanae 

0  19.6 

—72  38 

2000 

10 

1257 

6 

6 

113 

.003 

333 

3f.2 

0  58.9 

—71  23 

675 

10 

314 

14 

9 

254 

.021 

48 

S(;o 

sv<4 
1004 

:Messier79 

2  12.0 
2  15.4 
5  20.1 

-f-56  41 1 
-1-56  39  ) 
—24  37 

1050 
200 

10 
6 

10800 
79 

1 

5 

3.5 

38 

.001 
.025 

1050 
40 

:{20o 

10  29.6 

—57  40 

724 

10 

314 

0 

— 

_ 

.000 

4T5.T 

K  Crucis 

12  47.7 

—59  48 

555 

10 

314 

0 

— 



.000 



5130 

u)  Centauri 

13  20.8 

—46  47 

3000 

10 

1257 

125 

22 

1521 

.042 

24 

5272 

Jlessier  3 

13  37.6 

-1-28  53 

900 

10 

1257 

132 

17 

908 

.147 

7 

5!MI4 

3Iessier  5 

15  13.5 

-h  2  27 

900 

10 

1257 

85 

17 

908 

.094 

11 

.=)OS(i 

15  39.5 

—37  26 

289 

12 

314 

1 

1.7 

. 

.003 

289 

liOOo 

Messier  80 

16  11.1 

—22  44 

145 

5 

79 

2 

2.5 

20 

.014 

72 

()20.T 

Messier  13 

16  38.1 

+36  39 

1000 

10 

177 

2 

1.3 

5 

.002 

500 

(J20ti 

Messier  62 

16  54.9 

—29  58 

960 

10 

218 

26 

8 

201 

.027 

87 

0397 

17  32.5 

—53  37 

487 

5 

218 

'2 

7.5 

177 

.004 

244 

r,c>20 

Jlessier  28 

18  18.4 

—24  55 

900 

9 

314 

9 

7 

154 

.010 

100 

(j(;5(3 

Messier  22 

18  30.3 

—23  59 

1550 

10 

218 

16 

8 

201 

.010 

97 

0723 

18  52.8 

—36  46 

900 

6 

314 

16 

4.5 

64 

.018 

56 

6752 

19     2.0 

—60     8 

600 

8 

218 

1 

4 



.002 

600 

6809 

Messier  55 

19  33.7 

—31  10 

440 

6 

218 

2 

5 

79 

.005 

220 

707S 

Messier  15 

21  25.2 

+11  44 

900 

10 

1257 

51 

7 

154 

.057 

18 

70S9 

Messier  2 

21  28.3 

—  1   16 

600 

10 

218 

10 

4 

50 

.017 

CO 

7099 

Messier  30 

21   34.7 

—23  38 

275 

10 

218 

3 

509 

2.5 

20 

.011 

92 

190.50 

20830  - 

4867 

and  the  relation  of  that  plane  to  the  line  of  sight,  might  pro\d.sionally  be  suggested 
as  a  possible  explan;ition. 

The  periods  and  light  curves  of  several  varialiles  in  other  clusters  have  been 
determined,  but  the  study  of  those  in  w  Centaiiri  is  Avell  advanced.  Tliis  cluster  may 
be  called  the  finest  in  the  sk3^  It  lies  just  within  the  border  of  the  Milky  Way. 
There  are  no  bright  stars  near.  To  the  naked  eye  it  appears  as  a  hazy  star  of  the 
fourth  magnitude.  It  has  a  diameter  of  about  40'.  The  brightest  individual  stars  in 
tliis  region  are  between  the  eighth  and  ninth  magnitude.  Over  60(10  stars  have  been 
counted  on  one  of  the  photographs,  and  the  whole  number  is  much  greater.  Only 
about  .3000,  however,  are  sufficiently  bright  and  well  separated  to  serve  for  compari- 
son in  the  discovery  of  variables.  Of  these  3000,  125  are  variable.  150  photographs 
of  the  cluster  have  been  taken  with  the  13"  telescope  and  already  10000  measures 
have  been  obtained,  about  half  of  which  have  been  made  by  Miss  E.  F.  Leland. 
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Although  the  results  are  at  present  provisional,  it  is  not  probable  that  the  final 
results  of  the  discussion  will  materially  alter  the  conclusions.  Of  the  106  variables  in 
w  Centauri  whose  periods  have  been  detennined,  98  have  periods  less  than  24''. 
The  longest  period  is  that  of  No.  2,  475'',  the  shortest  that  of  No.  91,  6"  11'".  Three 
have  periods  less  than  7''.  Of  the  eight  ha\ang  periods  of  more  than  24'',  two  have 
periods  between  one  and  two  days,  two  between  two  and  three  days,  one  of  4 
days,  one  of  15  days,  one  of  150  days,  and  one  of  475  days. 

The  largest  range  in  variation  is  about  five  magnitudes,  and  no  star  has  been 
included  whose  light  changes  do  not  amount  to  half  a  magnitude. 

The  light  curves  of  the  98  stars  whose  periods  are  less  than  24  hours  mav  be 
divided  into  four  classes.  The  first  is  well  represented  by  No.  74.  The  period  of 
tliis  star  is  12''  4"'.o,  and  the  range  in  brightness,  two  magnitudes.  Probably  the 
change  in  brightness  is  continuous.  The  increase  of  light  is  very  rapid,  occupyino- 
not  more  than  one  fifth  of  the  whole  period.  In  some  cases,  possibly  in  tliis  star 
the  light  remains  constant  for  a  short  time  at  minimum.  In  most  cases,  however 
the  change  in  l^rightness  seems  to  be  continuous.  The  simple  type  shown  hy  No. 
74  is  more  prevalent  in  this  cluster  than  any  other.  There  are,  nevertheless 
several  stars,  as  No.  7,  where  there  is  a  more  or  less  well  marked  secondary  maxi- 
mum. The  period  of  tliis  star  is  2''  11''  51™,  and  the  range  in  brightness,  one  and  a 
half  magiutudes.  The  light  curve  is  similar  to  that  of  well  known  short-period 
variables,  as  8  Cephei  and  rj  Aquilae.  Another  class  may  be  represented  by  No. 
126,  in  which  tlie  range  is  less  than  a  magnitude,  and  the  times  of  increase  and 
decrease  are  about  equal.  The  period  is  8''  12'"..3.  No.  24  may  perhaps  be  referred 
to  as  a  fourth  type.  The  range  is  about  seven  tenths  of  a-magnitude,  and  the  period 
is  11''  5"'.7.  Apparently  about  65  per  cent  of  the  whole  period  is  occupied  by  the 
increase  of  the  Ught.  This  very  slow  rate  of  increase  is  especially  strikino-  from  the 
fact  that  in  many  cases  in  this  cluster  the  increase  is  extremely  rapid,  probably  not 
more  than  ten  per  cent  of  the  whole  period.  In  one  case.  No.  45,  having  a  period 
of  14''  8'",  the  rise  from  minimum  to  maximum,  a  change  of  two  mao-nitudes,  takes 
place  in  about  one  hour  and  in  certain  cases,  chiefly  owing  to  the  necessary  duration 
of  a  photographic  exposure,  there  is  no  proof  at  present  that  the  rise  is  not  much 
more  rapid. 

The  marked  regularity  in  the  period  of  these  stars  is  worthy  of  attention.  Sev- 
eral have  been  studied  during  more  than  a  thousand,  and  one  durins  more  than  five 
thousand  periods,  ^vithout  irregularities  manifesting  themselves. 
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A  few  words  may  be  added  in  regard  to  the  kind  of  clusterts  in  which  variables 
have  been  found.  Up  to  the  present  time  they  have  not  been  found  in  any  except 
dense  globular  clusters,  of  which  Messier  3,  Messier  5,  and  the  great  cluster  in  Her- 
cules may  be  taken  as  examples.  The  number  of  such  clusters  Avithin  the  reach  of 
ordinary  instruments  is  not  great.  Of  the  clusters  given  in  the  table  N.  G.  C.  lU-l, 
362,  5139,  5272,  59U4,  6U93,  6205,  6266,  6620,  7078,  and  7089  may  be  described  as 
liighly  condensed;  1904,  5986,  6397,  6656,  6723,  6752,  6809  and  7099  as  moderately 
condensed ;  and  3293  and  -1755  as  open  clusters.  869  and  884,  the  clusters  in  the 
Sword-handle  of  Perseus  are  little  more  than  regions  relatively  rich  in  stars. 

The  first  group  of  11  highl}' condensed  clusters  having  a  total  of  11980  stars 
has  462  variables,  or  one  in  26.  The  second  group  of  8  moderately  condensed 
clusters  has  46  variables  among  4741  stars,  one  in  103.  The  two  open  clusters 
furnished  no  variables,  and  the  region  of  three  square  degrees  around  N.  G.  C.  869 
and  884,  only  one. 

Thus  far  the  only  regions  which  are  found  to  be  especially  rich  in  variable  stars 
are  condensed  clusters,  but  even  here  only  in  relatively  few  cases.  These  dense 
clu.sters  are  commonly  called  globular,  and  many  of  them  are  such.  In  some  cases 
however,  as  o  Centauri,  the  form  is  somewhat  elliptical. 

N.  G.  C.  6266  is  the  most  striking  example  of  a  highly  condensed  cluster  which 
is  irregular  in  form.  This  irregularity  is  intensified  in  the  distribution  of  the  variables. 
The  cluster  is  much  compressed  on  the  south  side.  For  a  distance  of  1'  from  the 
centre  the  distribution  of  the  stars  seems  to  be  about  e(iual,  but  if  a  line  be  drawn 
east  and  west  through  the  centre,  and  the  stars  within  1'  of  tliis  line  are  oniitted, 
there  are  214  stars  south,  and  354  stars  north,  within  4'  of  the  central  line.  In  tliis 
cluster  are  26  variables,  of  which  19  are  north  of  the  central  line  and  7  south. 
Excluding  those  -svithin  70",  there  are  15  north  and  only  1  south. 

EDWARD   C.    PICKERING. 
September  17,  1898. 
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Harvard   College   Observatory. 
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WITT'S  PLANET  D  Q. 

One  of  the  most  important  astronomical  discoveries  of  recent  years  is  the 
finding  of  the  planet  D  Q,  by  Witt.  This  object  will  come  nearer  to  the  Earth  than 
any  other  similar  object,  except  the  Moon.  Its  minimum  distance  is  about  15  milUon 
miles,  and  the  corresponding  parallax  nearly  a  minute  of  arc.  To  determine  tlie  pho- 
tometric brightness  of  this  object,  the  stars,  — 6°5567,  — 6°5579,  — 6°5600,  — 6°5608, 
and  — 6°5626  were  each  measured  on  five  nights  with  the  meridian  photometer, 
eight  settings  being  made  each  night,  with  the  resulting  magnitudes,  7.87,  8.65,  8.71, 
8.56,  and  9.57,  respectively.  The  probable  error  of  these  values  varies  from  ±0.020 
to  ±0.033.  The  brightness  of  the  stars,  — 6°5550.  — 6°5560,  and  — 6°5588  was 
later  determined  differentially  from  these,  with  the  i-esulting  magnitudes  8.80,  9.89, 
and  8.37.  Mr.  Wendell  compared  the  planet  on  six  nights  by  means  of  the  pho- 
tometer with  achromatic  prisms  attached  to  the  15-inch  equatorial.  The  number  of 
settings  on  each  night  was  48.  On  September  5  and  6,  1898,  it  was  compared  with 
— 6°5626,  on  September  9  with  — 6°5608,  on  September  12  wath  — 6°5579,  and  on 
September  13  and  11  with  — 6^5588.  The  resulting  magnitudes  were  12.19,  11.97, 
12.10,  12.01,  12.20,  and  12.29.  Mean.  12.13  ±0.04.  As  the  logarithms  of  the  dis- 
tances of  the  Sun  and  Earth,  on  the  mean  date,  September  10,  were  0.236G  and 
9.9115,  the  magnitude  when  these  distances  are  both  unity  becomes  11.39. 

It  is  not  easy  to  obtain  photographs  adapted  to  determining  the  photographic 
brightness  of  this  object,  owing  to  its  faintness  and  rapid  motion.  With  a  short 
exposure  the  image  is  very  faint,  and  with  a  long  exposure  a  trail  is  obtained  which 
cannot   be  compared  with  the  circular  images  of  adjacent  stars.     Measures  of    the 
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photographic  l)rightnesfi  have  been  made  by  Mr^.  Fleming  on  plates  taken  with  the 
8  inch  Draper  telescope,  and  having  exposure.^  of  about  15  minutes.  The  planet  was 
not  far  distant  from  the  varialjle  star  T  Aquarii  and  was  compared  with  four  of  its 
comparison  stars  whose  i)hotometric  magnitudes  had  already  been  determined.  Plates 
taken  on  Septeml)er  G,  12,  13,  13,  13,  13,  14,  17,  20,  and  21,  1898,  gave  the  magni- 
tudes 12.78.  12.75.  12.80,  12.85,  12.78,  12.75,  12.75,  12.72,  12.65,  and  12.68.  Mean, 
12.75  ±0.01.  Similar  measures  of  two  isochromatic  plates  taken  on  September  17 
and  20  gave  the  magnitudes  12.80  and  12.61.  Mean,  12.70,  ±0.08.  Since  the  planet 
is  fainter  photographically  than  photometricall3%  it  is  probable  that  its  color,  like  that 
of  the  Sun,  is  redder  than  an  average  star. 

Several  interesting  photometric  pi'oblems  present  themselves  in  connection  with 
this  object.  First,  the  approximate  diameter  may  be  determined  by  comparison  with 
the  brighter  astei-oids  and  satellites,  assuming  that  the  reflecting  power  is  the  same. 
Secondly,  the  great  \ariation  in  the  distance  of  this  object  from  the  Earth  will  afford 
an  excellent  test  of  the  law  that  the  light  varies  inversely  as  the  square  of  the  dis- 
tance. The  existence  of  an  absorbing  medium  in  the  solar  system  will  thus  be  tested. 
Thirdly,  owing  to  the  proximity  of  this  object  to  the  Earth  at  opposition,  its  phase 
angle  wnll  vary  by  a  large  amount.  It  will,  therefore,  afford  an  excellent  test  of  the 
law  connecting  this  angle  vnih  the  variation  in  l)rightness,  whicli  has  Ijeen  found  by 
two  or  three  observers  independently. 

NEBULA   IX   ANDROMEDA. 

A  comparison  of  photographs  of  the  Nebula  in  Andromeda  taken  with  the  8  inch 
and  11  inch  Draper  telescopes  on  September  20  and  21,  1898,  with  similar  photographs 
taken  in  1893,  1894,  1895  and  1896  fails  to  show  the  new  .stellated  appearance 
recently  announced  hy  Seraphimoff  of  Pulkowa.     See  also  Astron.  Nach.  147,  p.  223. 

EDWARD   C.    PICKERING. 

September  30,  1898. 
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Harvakd   College   Observatory. 
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THE   NOVEMBER   METEORS   IN    1898. 

Observations  of  the  Meteoric  Shower  of  November  1.3,  1897,  were  made  at  the 
Harvard  College  Observatory,  and  a  description  of  the  results  will  be  found  in  the 
Annals,  Vol.  XLI,  No.  5,  and  in  Circular  No.  31.  More  extensive  observations  were 
made  in  1898,  and  the  results  will  be  published  later  in  the  Annals.  Several  investiga- 
tions were  undertaken,  and  some  of  the  preliminary  results  are  given  below.  As 
proposed  in  Circular  No.  31,  stations  have  been  selected  all  around  the  Earth  in  order 
that  counts  of  the  number  of  meteors  visible  might  be  made  dui'ing  the  entire  time 
that  the  Earth  traversed  the  meteor  stream.  The  density  of  different  portions  of 
the  stream  would  thus  be  determined.  Reports  from  the  distant  stations  will  not  be 
received  for  some  time.  The  night  of  November  13  was  cloudy  in  Cambridge,  but 
on  November  14,  800  meteors,  not  including  duplicates,  were  recorded  at  this  Observa- 
tory by  30  persons.  The  maximum  occurred  at  three  o'clock  in  the  morning,  when 
61  meteors  east  of  the  meridian  were  counted  in  half  an  hour.  227  trails  of  80  dif- 
ferent meteors,  within  30°  of  the  radiant  point,  were  charted.  Similar  observations 
were  made  at  Providence  by  Professor  Upton  of  the  Ladd  Observatory,  aided  by  a 
number  of  students.  The  vicinity  of  the  radiant  was  watched  continuously  by  at  least 
ten  observers,  who  recorded  400  meteors.  This  station  is  40  miles  south  of  Cambridge, 
and  was  selected  as  suitable  for  determining  the  parallax  visually.  Ninety-six  photo- 
graphs were  taken  at  Cambridge  with  the  Draper  telescopes  and  with  eleven  smaller 
instrmnents.  Five  photographic  doublets  were  mounted  equatorially  and  photo- 
graphed the  region  within  30°  of  the  radiant,  during  nearly  the  entire  night.  Two 
cameras  were  carried  to  Tufts  College,  two  miles  north  of  Cambridge,  and  twenty-five 
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photographs  were  taken  simultaneously  at  both  stations  for  a  photographic  determina-  ^ 
tion  of  the  parallax.  In  all,  31  trails  of  eight  ditt'erent  meteors  were  photographed, 
of  which  3  appeared  on  one  plate.  Four  meteors  were  photographed  at  both  stations, 
and  can  be  used  for  determining  the  parallax  photograpliically.  The  changing  dis- 
tance of  the  meteors  is  ob^^ous  by  inspection  of  these  photographs.  A  preliminary 
detennination  of  the  radiant  was  made  l:)y  jJrolonging  the  trails  of  4  meteors.  They 
nearly  intersect  in  a  point,  the  greatest  de\dation  not  exceeding  1  mm.,  or  10'.  The 
po-sition  of  the  radiant  reduced  to  1900  is  thus  given  as  R.  A.  =  10''  6"'.8,  Dec.  =  +  22°  16', 
which  is  9'"  following,  and  38'  south  of  the  place  given  by  Denning.  Seventeen 
plates  were  taken  with  prisms,  but  they  failed  to  show  the  spectra  of  any  meteors. 
It  appears  from  the  photographs  that  the  light  of  the  meteors  attained  a  maximum 
and  then  diminished  as  i-apidly  as  it  increased.  In  some  cases,  sudden  changes  due  to 
explosions  are  well  shown.  The  tr;ul  is  sometimes  surrounded  by  a  sheath  of  light, 
and  in  one  case  the  trail  remaining  after  the  meteor  had  passed  was  photographed. 
These  results  show  that  meteoric  showei's  may  now  be  studied  to  advantage  by 
photography. 

EDWARD   C.  PICKERING. 
November  19,  1898. 


Harvard  College  Observatory. 


CIRCULAR   NO.    36. 


WITT'S  PLANET,   (433)  D  Q. 

A  careful  search  has  been  made  by  Mrs.  Fleming  upon  the  Harvard  plates  for 
early  photographs  of  Witt's  Planet,  (-1:33)  D  Q.  Mr.  S.  C.  Chandler  has  courteoush* 
furnished  ephemerides  based  upon  the  best  availahle  material,  and  has  de^'oted  much 
time  to  correcting  the  elements  and  computing  the  positions  corresponding  to  the 
times  at  Avhich  certain  photographs  were  taken,  as  is  more  fully  explained  in  the 
Astronomical  Journal,  No.  452. 

In  making  this  search  the  following  method  of  procedure  has  Ijeen  adopted. 
Mr.  Chandler,  by  means  of  the  elements  published  in  the  Astronomical  Journal, 
No.  451,  computed  ephemerides  for  the  oppositions  of  18U4  and  1896.  It  appeared 
that  the  obser\'ations  then  available  were  insufficient  to  determine  the  position  in 
1894.  An  error  of  1"  in  the  mean  daily  motion  in  the  orbit  wcnild  change  the 
right  ascension  of  the  o))ject  in  1894  by  about  half  an  hour.  Moreover,  the  value 
of  the  daily  motion  differed  by  several  seconds  not  only  in  the  early  ephemerides  of 
this  planet,  but  in  those  dependent  on  a  large  number  of  visual  observations. 
Although  plates  were  examined  by  Mrs.  Fleming,  covering  a  region  of  about  1300 
square  degrees,  the  planet  was  not  found.  Plates  taken  in  1896  were  next  examiiied, 
as  it  was  thought  that  the  smaller  errors  of  the  ephemeris  would  compensate  for  the 
extreme  faintness  of  the  planet.  This  examination  proved  to  be  especially  laborious 
and  fatiguing  to  the  eyes.  It  was  feared  that  the  object  might  be  too  faint  to  appear 
upon  the  plates  and  accordingly  the  faintest  objects  were  carefullv  scrutinized. 

Each  plate  was  examined  by  sui)erposing  it  upon  another  plate  of  the  same 
region  taken  with  the  same  instrument.  Two  adjacent  images  then  appeared  of  each 
star,  while  the  planet,  if  present,  would  appear  only  upon  the  upper  plate.  Nmner- 
ous  suspicious  objects  were  thus  found  including  several  images  of  the  planets  Flora 
(8)  and  Nysa  (44),  and  two  new  variable  stars,  whose  approximate  positions  for  1900 
are  in  R.  A.  8"  33'".9,  Dec.  +  50°  29',  and  R.  A.  18"  o8"\7,  Dec. —  38°  52',  were  dis- 
covered. The  star  +29°551  fails  to  appear  on  ten  plates  which  show  other  faint  Durch- 
musterung  stars,  and  two  stars  at  R.  A.  9''  H™.4,  Dec. — 10°  43'  and  R.  A.  9''  11'".5, 
Dec.  — 10°  16'  appear  upon  the  Durchmusterung  charts  and  upon  the  photographic 
plates,  but  are  not  given  in  the  Durchmusterung  catalogue. 
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At  last  a  faint  iinago  was  fDiiiid  on  a  plate  taken  on  Jnne  5,  189G,  and  confirmed 
bv  other  plates  taken  on  June  4  and  June  5.  A  plate  taken  on  April  6  covered  the 
re"-ii)n  of  the  planet  which  was  readily  found  by  means  of  its  computed  position.  Mr. 
Chandler,  from  positions  of  these  images,  was  enabled  to  furnish  a  corre(;ted  epliemeris 
for  18!t4.  b\-  means  of  which  the  planet  was  readily  detected  on  several  plates.  The 
positions  so  far  found  are  given  below.  The  succes.sive  columns  give  the  number  of 
the  plate,  the  date,  the  Greenwich  Mean  Time  of  the  middle  of  the  exposure,  the 
lentrth  of  exposure  in  minutes,  the  ajjproximate  right  ascension  and  declination  for 
187-5.  and  the  ninnl)er  of  compari-son  stars  used  in  the  determination  of  the  position. 
The  instrument  used  is  indicated  by  the  letter  in  the  first  column,  A  denoting  the 
24-inch  Bruce  telescope  which  was  then  in  Cambridge,  B  the  8-inch  Bache  telescope 
in  Are(pupa,  and  1  the  8-inch  Draper  telescope  in  Cambridge.  The  method  of  meas- 
urement is  that  described  in  the  Harvard  Observatory  Annals,  A'ol.  XXA'I,  p.  228. 
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I  lti:]2].  Image  i"  from  centre  of  plate  and  therefore  distorted,  but  shows  direc- 
tion of  motion. 

I  lOo-jo.  Spectrum  plate  showing  that  the  spectrum  of  this  object,  like  that  of 
the  other  planets  and  of  the  Sun,  is  of  the  second  type. 

A  246.    Image  much  distorted  and  elongated. 

B  16108.   Image  much  elongated  owing  to  rapid  motion. 

B  16157.  Image  ver^-  faint,  near  edge  of  plate  and  therefore  much  distorted,  but 
shows  motion  I)y  comparison  with  B  16165. 
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The  following  epliemeris  and  elements  have  been  compvited  by  Mr.  Chandler,  by 
combining  the  observations  of  1898  with  those  derived  from  the  jahotographs  taken 
December  19  and  27,  1893,  February  IG,  1891,  April  C,  1896,  and  Jmie  4  ami  5,  1896. 

Ephejieris  for  Greexwicii  Midnight  axd  equinox  of  1894.0. 


,3T 


Date. 

R. 

A.  1894.0 

Dec.  1894.0 

V 

logr 

log  A 

Magn. 

h 

III 

s 

1893  Oct.  27.5 

5 

56 

'2'2 

+  53°  18'.6 

—71° 

28'.3 

0.1120 

9.0713 

9.86 

31.5 

6 

8 

15 

54   15.0 

Nov.  4.5 

6 

20 

3 

55   4.8 

—65 

49.4 

.1038 

.6254 

9.59 

8.5 

6 

31 

39 

55   49.6 

12.5 

6 

43 

0 

56   2S.4 

—59 

57.6 

.0958 

.5778 

9.31 

16.5 

6 

53 

56 

57   0.4 

20.5 

7 

4 

18 

57   25.1 

—53 

52.8 

.0881 

.5285 

9.02 

24.5 

7 

13 

59 

57   41.3 

28.5 

7 

22 

48 

57   47.9 

—47 

35.4 

.0809 

.4772 

8.73 

Dec.  2.5 

7 

30 

29 

57   43,8 

6.5 

7 

36 

54 

57   27.4 

—41 

5.7 

.0743 

.4240 

8.43 

10.5 

7 

41 

52 

56   56.6 

14.5 

7 

45 

19 

56   8.S 

—34 

24.6 

.0684 

.3692 

8.13 

18.5 

7 

47 

15 

55   1.5 

22.5 

7 

47 

41 

53   31.0 

—27 

33.4 

.0634 

.3141 

7.83 

26.5 

7 

46 

44 

51   34.2 

30.5 

7 

44 

37 

49   7.4 

—20 

33.5 

.0594 

.2615 

7.55 

1894  Jan.  3.5 

7 

41 

34 

46   7.8 

7.5 

7 

37 

59 

42  34.5 

—13 

26.9 

.0565 

.2170 

7.31 

11.5 

7 

34 

15 

38   28.9 

15.5 

7 

30 

45 

33   55.4 

—  6 

15.8 

.0548 

.1890 

7.16 

19.5 

7 

27 

46 

29   1.3 

23.5 

7 

25 

30 

23   58.6 

+  0 

57.5 

.0543 

.1850 

7.14 

27.5 

7 

24 

6 

19   0.1 

31.5 

7 

23 

34 

14   15.9 

+  8 

10.5 

.0552 

.2065 

7.25 

Feb.  4.5 

7 

24 

0 

9   55.0 

8.5 

7 

25 

20 

6   1.3 

+  15 

20.7 

.0572 

.2475 

7.47 

12.5 

7 

27 

37 

+  2   37.3 

16.5 

7 

30 

46 

—  0   18.0 

+  22 

25.7 

.0004 

.2994 

7.74 

20.5 

7 

34 

41 

2   46.8 

24.5 

7 

39 

17 

4   51.6 

+  29 

23.5 

.0647 

.3551 

8.04 

28.5 

7 

44 

31 

6   35.4 

Mar.  4.5 

7 

50 

20 

8   1.0 

+  36 

12.1 

.0699 

.4111 

8.35 

8.5 

7 

56 

41 

9   10.7 

12.5 

8 

3 

32 

10   8.5 

+  42 

50.3 

.0760 

.1654 

8.65 

16.5 

8 

10 

48 

10   55.3 

20.5 

8 

18 

29 

11   33.2 

+  49 

10.8 

.0828 

.5175 

8.94 

24.5 

8 

26 

30 

12    4.0 

28.5 

8 

34 

50 

12   29.1 

+  55 

30.9 

.0901 

.5672 

9.23 

Apr.  1.5 

8 

43 

25 

12   49  3 

5.5 

8 

52 

15 

13    5.8 

+  61 

32.2 

.0979 

.6147 

9.50 

9.5 

9 

1 

18 

13   19.6 

13.5 

9 

10 

34 

13   31.3 

+  67 

20.6 

.1059 

.6004 

9.77 

17.5 

9 

19 

59 

13   41.8 

21.5 

9 

29 

33 

—13   51.7 

+  72 

56.1 

0.1142 

9.7043 

10.03 

The  brightness  for  1898,  Aug.  24.5  is  taken  as  11.5  (log  r=  0.2396.  log  A  =  9.8722). 
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Elements. 


Epoch  1898.  Aug.  31.5,  Gr.  M.  T. 
31=  221°  35'  45".6 


177°  37'  56".0  1 


1898.0. 


/x  =  2015".2326 

log  a  =  0.1637876 

Period  =643".10 
fi  =  303°  31' 57".l 

;=    10°  50'  11".8 

<f>=    12°  52'    9."8 

A  comparison  of  the  observed  positions  with  those  obtained  by  computation  is 

given  below.     The  succes.sive  columns  contain  the  date,  the  Green\\'ich  Mean  Time, 

the  apparent  right  ascension  and  declination,  and  the  corrections  to  the  ephemerides 

published  in    the    Astronomical  Journal,    and  that  given  above.     The   apjiroximate 

value  of  the  true  anomalv  is  o-iveu  in  the  last  column. 


()— C 

0- 

-C 

Date. 

G.  M.  T. 

Apparent 

Ap 

)areHt 

R.  A. 

Dec. 

R.  A. 

Dec. 

R.  A 

Dec. 

y   ») 

d 

h 

m 

h    m      s 

o 

, 

„ 

m         s 

, 

s 

, 

o 

1893  12 

19 

18 

21 

7  47  29.4 

+  54 

35 

50 

+  3.5 

0.0 

—  30 

12 

27 

17 

3-2 

7  46  11.3 

+  50 

51 

57 

—0.7 

—0.3 

—  23 

1894  1 

1 

17 

09 

7  42  59.8 

+  47 

31 

± 

.   .  . 

—1.9 

—1.0 

—  19 

2 

16 

14 

49 

7  30  57.8 

—  0 

24 

9 

+  5.1 

-1.0 

+  22 

4 

16 

14 

13 

9  17  54.0 

—13 

39 

16 

+  7.6 

+  0.2 

+  69 

4 

18 

14 

29 

9  22  42.6 

—13 

42 

2 

+7.4 

+  0.4 

+  71 

1896  4 

6 

20 

52 

18  38  30.1 

—38 

31 

42 

—0  36.0 

—4.8 

+  3.0 

+  1.3 

+  115 

6 

4 

16 

40 

18  31  37.4 

—40 

01 

52 

—1  16.7 

—5.9 

+  0.9 

+  1.5 

+  142 

6 

0 

19 

54 

18  29  23.1 

—39 

57 

28 

—1  16.4 

—5.6 

+  1.2 

+1.8 

+  142 

6 

0 

22 

04 

18  29  11.5 

—39 

57 

11 

-1  16.7 

-5.8 

+0.9 

+  1.7 

+  142 

The  residuals  0 — C  show  that  the  object  ou  each  plate  was  sureh*  the  planet. 
They  b}-  no  means  represent  the  accuracy  to  be  expected,  either  in  computation 
when  the  i)erturbations  of  the  Earth  are  included,  or  in  measurement  when  time 
permits  the  use  of  more  precise  methods.  Images  have  since  been  foimd  on  plates 
taken  November  26  and  December  23,  1893,  and  Januar}^  19,  January  25,  January 
30  and  February  5,  1894. 

EDWARD  C.  PICKERIXCt. 
December  26,  1898. 


Harvard   College    Observatory. 


CIRCXJLA.R    No.  37. 


^1 


additional  observations  of  EROS,   (433). 

The  method  of  .search  for  Eros,  (433),  dei5cribed  in  Ch'cidar  No.  36,  has  been 
continued.  The  ephemeris  has  been  extended  by  Mr.  Chandler,  as  required,  and 
images  of  the  planet  have  been  found  by  the  writer  on  thirteen  plates.  From  these 
images  the  following  approximate  positions  have  been  determined  in  addition  to 
those  given  in  Circular  No.  36.  The  successive  columns  give  the  number  of  the 
plate,  the  date,  the  Greenwich  Mean  Time  of  the  middle  of  the  exposure,  the  length 
of  the  exposure  in  minutes,  and  the  ap^^roximate  right  ascension  and  declination  for 
1875.  These  positions  are,  in  general,  derived  from  adjacent  Durchmusterung  stars. 
Preparations  are  now  being  made  for  precise  determinations  of  the  positions  of  the 
planet  on  these  plates,  and  on  those  described  in  Circular  No.  36.  The  last  two 
columns  give  the  anomaly  and  the  computed  photographic  magnitude,  assuming  the 
magnitude  at  distance  unity,  12.0,  as  derived  from  the  measures  given  in  Circular 
No.  34.  The  correction  for  phase  is  necessarily  omitted,  and  may  exceed  a  magni- 
tude, as  the  phase  angle  may  amount  to  60°.  The  last  three  plates  were  taken  at 
Arequipa,  all  of  the  otliers  at  Cambridge. 


Plate 

Date. 

«.  M.  T. 

Ex. 

R.  A. 1875 

Dec. 

1875. 

... 

Mat;n. 

y 
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d 

h 
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I  9801 

189.3 

10 

28 

21 

55 

14 

5  58.8 

+  53 

40 

—  71 

10.9 

I  98.32 

1893 

10 

30 

20 

18 

10 

6   4.5 

+  54 

6 

—  69 

10.8 

I  9862 

1898 

10 

31 

21 

21 

15 

6   7.6 

+  54 

20 

—  69 

10.8 

I  10095 

1893 

11 

26 

20 

26 

17 

7  17.5 

+  57 

50 

—  49 

9.9 

I  10280 

1893 

12 

23 

19 

49 

13 

7  45.7 

+  52 

58 

—  26 

8.8 

I  10407 

1894 

1 

8 

18 

8 

65 

7  35.5 

+  41 

23 

—  12 

8.4 

I  10469 

1894 

1 

19 

16 

57 

10 

7  26.5 

+  28 

46 

—  3 

8.2 

I  10559 

1894 

1 

25 

16 

16 

13 

7  23.6 

+  21 

15 

+  3 

8.2 

I  10604 

1894 

1 

30 

13 

40 

60 

7  22.5 

+  15 

20 

+  7 

8.3 

A   222 

1894 

2 

5 

15 

26 

60 

7  23.3 

+  8 

46 

+  12 

8.4 

B  11174 

1894 

5 

19 

14 

16 

10 

10  38.0 

—14 

57 

+  92 

11.9 

B  16518 

1896 

6 

29 

19 

17 

15 

17  37.8 

—36 

22 

+  152 

12.5 

A  1876 

1896 

6 

30 

13 

46 

60 

17  36.4 

—36 

12 

+152 

12.5 
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I  OSOl.  Thit!  photograph  is  iniportaiit  since  with  that  taken  on  jNIay  10,  18',)4, 
the  anomalv  through  Avhich  the  jjhuiet  was  ohserved  in  1893-1894  becomes  102°. 
The  observations  contained  in  Circuhir  No.  36  extended  over  an  angle  of  101°. 

1   10280.     IMatc  dark,  and  difficult  to  measure. 

I  10407.     Faint  spectrum  on  edge  of  plate. 
■     1   10409.     Tliis  ])late  was  fogged  and  was  so  dark  that  it  was  marked  useless. 
Its  density  was  about  that  of  a  shade  glass  used  in  vieAving  the  Sun.     By  making 
a    double    contact    print    from    it    a    photograph    is    obtained    on    which    accurate 
measurements  of  the  planet  are  possible. 

I  10604.     Spectrum.     Superposed  on  spectrum  of  +15°  1581,  Magn.  9.5. 

A  222.  Well  marked  trail  IGll"  long,  showing  irregularities  in  running  of 
driving  clock  of  telescoj^e. 

B  11174.     See  I  9801. 

A  1876.  Well  marked  trail.  At  about  13''  15'"  the  planet  would  have  coin- 
cided very  nearly  with — 30°  11840.  The  orbit  of  the  planet  could  be  well  deter- 
mined from  the  observations  in  1890  alone,  using  for  the  first  place  the  position  of 
April  6.  for  the  second  the  three  positions  on  June  4  and  June  5,  given  in  Circular 
No.  30.  and  for  the  third,  this  photograph  with  that  taken  on  June  29. 

Some  important  conclusions  may  1)e  derived  from  this  investigation.  All  the 
photographs  on  which  the  planet  has  been  found  were  taken  with  douljlets.  If  they 
had  l)cen  taken  Avith  lenses  of  the  usual  form  with  a  field  2°  in  diameter  all  of 
the  images  would  have  fallen  outside  of  the  plates.  In  view  of  the  difficulties 
found  in  photographing  tliis  object  with  an  ordinary  lens  at  Greenwich  and  Oxford 
(Observatory  XXL.  429)  it  is  doubtful  whether  we  should  have  obtained  many 
images  of  it  here  with  such  a  lens,  even  if  it  had  been  in  regions  photographed.  The 
nimi])er  of  plates  on  which  the  planet  appears  prol)al)h-  fairly  represents  the  nura1)er 
we  have  of  all  other  similar  objects  whether  already  discovered  or  not.  This  planet 
is  l)right  during  only  a  small  portion  of  tune.  During  the  last  eleven  years  it 
has  been  brighter  than  the  ninth  magnitude,  photographically,  for  only  two  months, 
or  about  a  seventieth  part  of  the  entire  time.  There  may  be  other  similar  objects, 
even  l)righter.  as  yet  undiscovered.  Nova  Aurigae  was  as  bright  as  the  fifth  magni- 
tude for  six  weeks  before  it  was  discovered.  Had  Eros  attained  the  si.xth  magnitude 
instead  of  the  eighth  it  should  have  appeared  on  plates  taken  with  the  transit  photo- 
meter. In  this  case,  we  .should  have  had  an  image  of  it  on  every  clear  night  on  which 
it   culminated   after    dark.     Fairly   good   positions  could   have    been    obtained    from 
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these  images  since  the  focal  length  of  the  telescope  is  abont  two  feet,  and  the 
exposures  are  so  short  that  the  images  are  always  circular.  We  have  now  a  similar 
instrument  in  Are([uipa  so  that  in  general  two  images  should  be  obtained  ever}' 
night. 

EDWARD   C.  PICKERING. 

January  16,  1899. 


Hakvard  College  Observatory. 


m'i 
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NEW    NEBULAE   AND    NEBULOUS   STARS. 

Much  care  and  skill  are  required  to  obtain  the  best  results  with  the  Bruce  pho- 
tographic telescope.  Dr.  De  Lisle  Stewart,  who  has  had  charge  of  this  instrument 
for  the  last  year,  has  succeeded  in  obtaining  nearly  circular  images  even  when  the 
exposures  extended  o\er  several  hours.  He  has  recently  found  an  interesting  group 
of  nebulae,  hitherto  unknown,  within  the  limits  of  right  ascension,  o''  10'"  to  -3''  50'" 
(1900),  and  declination.  —4'.)"  50'  to  —53^^  40'  (lOOO).  A  comparison  of  two  plates, 
A  3339.  and  A  3346.  taken  on  October  14,  and  October  20,  1898.  respectively,  \yith 
exposures  of  four  hours  each,  shows  the  pi'esence  of  the  objects  given  in  the  followino- 
taV)le.  The  current  number  assigned  to  each  object  is  given  in  the  first  column,  the 
^approximate  right  ascension  and  declination   for  19(1(1.  in  the  second  and  third,  and  a 


No. 

R..\.1!XI0 

Dec,  IIMMI. 

Description. 

X... 

K.A.lttOO 

Dec.  I'.IOO. 

Description. 

It     m 

O              ( 

/(      m 

o          / 

1 

8  10.0 

—50  58 

2  faint  elong.  neb. 

24 

3  26.5 

—52  59 

Stellar. 

■2 

13.7 

—51     1 

Elong.  n  to  s,  small. 

25 

26.6 

— 52  58 

Stellar. 

8 

1(5.0 

—49  .57 

Spiral  V 

2() 

27.6 

—50  40 

Stellar. 

4 

l(i.7 

—51     3 

Elong.  11  to  s. 

27 

•27.7 

—50  39 

Spiral":' 

.1 

17.2 

—52  33 

I)oul)le,  elong.  s|i  to  iif. 

2S 

27.7 

—50  37 

Star  prec. 

(■> 

19.4 

—53  33 

Elong.  n  to  s. 

29 

28.1 

—  50  46 

Elong.  np  to  sf. 

7 

21.4 

—53     4 

Stellar. 

30 

28.3 

—53  -29 

Elong.  sp  to  nf. 

S 

21.7 

—51      5 

Stellar. 

31 

28.6 

—52  15 

Fine  small  spiral. 

(1 

21.7 

—51     3 

Stellar. 

32 

29.4 

—52  47 

Elong.  s])  to  nf. 

111 

21. >! 

— 50  55 

Stellar. 

33 

29.9 

—51   47 

Stellar. 

11 

22.1 

—52     3 

Elong.  .stellar. 

34 

30.2 

—50  45 

Elong.  np  to  sf. 

VI 

•22.-3 

—51  37 

Elong.  np  to  sf.  stellar. 

35 

30.9 

—53  30 

Elong.  p  to  f. 

13 

•22.3 

—52     3 

Elong.  stellar. 

3(5 

31.2 

—51  39 

Stellar. 

14 

22.3 

—52     5 

Very  faint. 

37 

31.8 

—50  58 

Stellar. 

15 

22.  .5 

—51  37 

Elong.  Ill)  to  ''f. 

38 

33.2 

—52  58 

Elong.  p  to  f. 

16 

22.9 

—51   41 

Elong.  n  to  s. 

39 

33.6 

—52  18 

EloiKj;. 

17 

22.9 

—53     8 

Ellip.  elong.  sp  to  nf. 

40 

33.6 

—52  19 

Elong. 

18 

•23.1 

—50  22 

Stellar,  elong.  spiral  V 

41 

33.7 

—49  54 

Elong.  np  to  sf. 

19 

23.5 

—51  40 

Stellar,  elong.  np  to  sf. 

42 

34.1 

—50  29 

Elong.  n  to  s. 

•20 

24.4 

—53  22 

Perhaps  double  star. 

43 

39.1 

—51  17 

Stellar. 

•21 

24.8 

—51  25 

Elong.  p  to  f. 

44 

41.9 

—51   51 

Stellar,  elong.  sp 

to  nf. 

'I'l 

24.8 

—52  29 

Xeb.  star. 

45 

42.3 

—51   19 

Stellar. 

28 

•'.T   •' 

-53     1 

Stellar,  elong.  ii  to  s. 

4(i 

43.0 

—51   58 

Elong.  n  to  s. 
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brief  description  of  the  oliject  in  the  foiu'th  column.  The  letters  n,  s,  p,  and  f,  in  the 
fourth  column  are  used  to  indicate,  north,  south,  preceding,  and  following,  respec- 
tively. 

Only  two  nebulae  are  given,  in  this  region,  in  Dreyer's  New  General  Catalogue. 
N.  G.  C.  loll  is  identical  with  No.  5,  and  N.  G.  C.  1356  is  identical  with  No.  27. 

It  will  l)e  noticed  that  four  of  these  nebulae  appear  to  be  spiral.  No.  o  is  de- 
scribed as  "  liright  elongated  centre,  faint  nebulous  wisps  in  ellipses  i)r  spiral."  No. 
18  "stellar  nucleus  with  elliptical  nebulosity  sp."  No.  27  '"Faint  Nebulous  star 
surroinided  by  nebulosity.  One  wisj)  has  spiral  tendency.  Two  nebulous  stars  sp. 
and  sf,  very  close  to  main  nebulosity."  No.  ol.  •'  Very  fine  small  spiral  nebula  with 
two  branches." 

A  bright  meteor  trail  a])pears  on  Plate  A  oo40. 

EDWARD   ('.    PICKERING. 
Januarv  31.  1891). 


,4^ 

Harvakd  College  Observatory. 
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A   NEW   FORM   OF   PHOTOGRAPHIC   TELESCOPE. 

A  great  numljer  of  very  large  telescopes  of  iiearh'  the  same  form  have  been 
given  to  observatories  during  the  last  few  years.  Although  such  instruments  are 
indispensable,  in  a  Ihnited  number  of  investigations,  yet  when  the  latter  are  divided 
among  so  many  telescopes  the  results  obtained  by  each  are  often  disappointing  to  the 
donors.  These  instruments  have  been  erected,  with  two  or  three  exceptions,  in 
places  selected  from  local  or  political  motives,  and  without  regard  to  meteorological 
or  astronomical  conditions.  For  this  reason,  the  great  observatories  of  the  woi-kl  are 
near  large  cities  or  universities  where  the  very  conditions  that  have  rendered  the 
countries  great  have  rendered  them  unfit  for  the  most  delicate  astronomical  research. 
Nine  tenths  of  these  instruments  are  in  the  temperate  zone  in  Europe  and  the  United 
States,  while  the  southern  hemisphere  has  been  entirely  neglected  and  many  of  the 
most  interesting  parts  of  the  southern  sky  have  not  yet  been  examined  by  a  modern 
telescope  of  the  largest  size. 

This  duplication  of  expensive  instruments  in  inisuitable  localities  is  rendered 
still  more  objectionable  by  another  condition.  All  the  telescopes  are  similar  in  form, 
their  focal  length  being  from  15  to  18  times  the  aperture,,  and  therefore,  all  are  best 
adapted  to  the  same  kind  of  work.  In  view  of  these  numerous  precedents  it  was  a 
bold  step  to  deviate  from  it.  But  this  step  was  taken,  and  taken  by  a  woman.  Miss 
Catherine  W.  Bruce  of  New  York,  who  gave  |o(),00(»  to  the  Harvard  College  Obser- 
vatory to  construct  a  telescope  of  24  inches  aperture,  in  which  the  focal  length  should 
be  only  six  times  the  aperture.  Fortunateh',  this  experiment  succeeded,  and  the  Bruce 
Photographic  Telescope  is  mounted  in  Arequipa,  Peru,  in  a  climate  unsurpassed,  so 
far  as  is  now  known,  for  astronomical  \vork.  Its  immediate  results  are  charts,  each 
covering  a  large  part  of  the  sky  and  showing  such  faint  stars  that  400,000  ajjpear 
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upou  a  single  plate.  By  its  aid,  many  new  stars  of  the  peculiar  fifth  type  have  been 
found  in  the  Large  Magellanic  Cloud,  showing  an  additional  connection  of  this  object 
with  the  Milkv  Way.  A  group  of  forty  nebulae,  hitherto  unknown,  has  been  foiuid 
in  another  part  of  the  sky.  The  most  important  work  of  the  Bruce  telescope,  how- 
ever, is  that  every  year  it  sends  hundreds  of  photographs  to  the  great  storehouse  at 
Cambridge.  Besides  the  immediate  thscoveries  made  from  these  plates,  they  doubt- 
■less  carry  with  them  many  secrets  as  yet  unrevealed.  and  many  images  of  objects  of 
the  greatest  interest  yet  to  be  thscovered.  A  striking  examjsle  of  this  kind  is  found 
in  the  recent  discovery  of  the  planet  Eros,  which,  next  to  the  Moon,  is  sometimes  our 
nearest  neighbor  in  the  heavens.  Calculation  showed  th;it  this  planet  must  have 
been  near  the  Earth,  and  therefoi-e  bright,  in  1894.  An  examination  showed  that 
tliis  object,  although  not  discovered  until  1898,  had  not  escaped  the  Harvard  tele- 
scopes. Two  images  of  it  were  found  upon  the  Bruce  plates,  fifteen  upon  tlie  Draper 
plates  and  three  upon  the  Bache  plates.  It  can  thus  be  followed  through  nearly  half 
a  revolution.  Six  images  were  also  obtained  in  1896,  when  it  was  more  distant  and 
much  fainter. 

These  examples  show  the  advantages  of  trying  new  forms  of  telescopes  instead 
of  duplicating  those  now  existing.  The  Bruce  telescope  is  well  adapted  to  investi- 
gations in  which  the  focal  length  is  small.  It  will  therefore  be  interesting  to  try  the 
effect  of  a  great  focal  length.  It  is  proposed  to  build  a  telescope  with  an  aperture  of 
12  to  14  inches,  and  a  focal  length  of  135  or  162  feet.  Tliis  telescope  would  probably 
be  placed  horizontally  and  the  star  reflected  into  it  by  means  of  a  mirror,  the  motion 
of  the  Earth  would  be  counteracted  b}-  moving  the  photographic  plate  by  clock  work. 
It  would  thus  become  a  large  horizontal  photoheliograph.  This  method  of  mounting 
a  telescope  for  use  on  the  stars  was  advocated  by  the  writer  in  1881,  and  has  been 
used  here  since  then  with  successive  telescopes  of  2,  4,  and  12  inches  aperture. 
The  instrument  here  proposed  would  be  adapted  to  investigations  for  which  a  great 
focal  length  would  l)e  needed,  as  the  latter  would  be  more  than  a  hundred  times  the 
aperture.  Several  such  investigations  may  be  suggested,  any  one  of  wliicli.  if  suc- 
cessful, would  amply  justify  the  construction  of  such  an  instrument. 

1.  The  Sun.  The  best  instrument  now  in  use  for  photographing  the  Sun,  the 
horizontal  photoheliograph,  is  a  small  instrument  of  this  form.  It  is  possible  that, 
under  favorable  atmospheric  conditions,  finer  details  on  the  Sun's  surface  could  be 
obtained  ^vith  a  large  instrument  than  have  3'et  been  photographed.  It  would  be 
equally  useful  in  photographing  the  protubei'ances.     Pi'eparations  must  soon  be  made 
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for  observing  the  Solar  Eclipse  of  May  28,  1900.  This  instrument  might  be  useful 
in  photographing  the  spectrum  of  the  reversing  layer,  and  in  sho\vdng  the  details  of 
the  inner  corona. 

2.  The  Moon.  The  images  of  the  Moon  obtained  with  such  a  telescope  would 
be  more  than  a  foot  in  diameter  and  even  if  printed  without  enlargement  would 
probably-  surpass  the  best  photographs  yet  taken.  The  use  of  a  telescope  of  tliis 
form  for  photographing  the  Moon  was  advocated  by  Professor  W.  H.  Pickering  in 
1804  (Harvard  Observ.  Ann.  XXXII  p.  110).  It  is  possible  that  good  results  could 
also  be  obtained  ^\^th  Jupiter,  Saturn,  and  perhajjs  Mars. 

3.  Eros.  This  planet  approaches  the  Earth  so  closely  that  its  parallax  some- 
times amounts  to  a  minute  of  arc.  The  next  appi'oach,  in  1900,  will  be  more  favor- 
able than  any  other  until  1927.  Careful  preparations  should,  therefore,  be  made  for 
observing  Eros  when  east  and  west  of  the  meridian,  since  the  distance  of  the  Sun  can 
probably  be  determined  with  more  accurac}^  in  this  way  than  by  any  method  of  obser- 
vation yet  attempted.  As  the  distance  of  the  Sun  is  the  unit  to  which  all  astro- 
nomical distances  are  referred,  the  importance  of  its  accurate  determination  cannot 
be  overstated.  It  is  one  of  the  great  problems  of  astronomy  which  though  supposed 
in  the  eighteenth  century  to  have  been  solved,  must  probably  be  left  to  the  twenti- 
eth century  for  satisfactory  solution.  To  determine  the  parallax  from  the  Transit  of 
Venus  in  1874,  the  principal  nations  of  the  world  sent  expeditions  to  the  most  remote 
regions.  In  all,  about  eighty  stations  were  occupied  at  an  expense  of  more  than  a 
million  of  dollars. 

4.  The  Fixed  Stars.  It  is  expected  that  the  positions  of  adjacent  stars  could  be 
determined  -with  tliis  instrument  with  an  accuracy  approaching  that  of  the  heho- 
meter.  If  so,  it  would  have  an  important  and  permanent  field  of  work  in  charting 
the  coarser  clusters,  the  double  stars,  and  determining  stellar  parallax.  Also  in  locat- 
ing the  major  planets,  and  the  relative  positions  of  the  satellites  of  Jupiter  and 
Saturn  with  an  accuracy  as  yet  unattained. 

The  very  moderate  expenditure  of  |5,000  to  $10,000  would  permit  this  experi- 
ment to  be  tried  here,  since  we  already  have  a  portion  of  the  apparatus  required. 
If  successful,  the  name  of  the  donor  would  always  be  honorably  associated  with 
a  new  departure  in  one  of  the  most  important  branches  of  astronomy. 

EDAVAED    C.  PICKERING. 

Februarv  11,  1899. 
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PHOTOGRAPHING  METEORS. 

Various  plan.s  have  been  considered  b}^  which  all  the  meteors  visible  in  a  large 
part  of  the  sky  at  Cambridge  can  be  photographed.  Such  a  plan  does  not  seem 
impracticable  or  premature,  in  view  of  the  large  number  of  meteors  photographed 
during  the  shower  of  last  November.  The  simplest  de\dce  consists  in  pointing  a 
camera,  having  a  wide  angle  lens,  to  the  zenith.  Two  meteor  trails  were  obtained  in 
this  way  on  November  1-1,  1898.  Morrison  wide  angle  lens  of  8  inches  focal  length 
was  used,  and  an  8  X  10  plate.  Since  then,  plates  have  been  exjjosed  on  several  clear 
nights,  and  on  the  second  night,  January  7,  1899,  a  meteor  was  photographed.  About 
one  tliird  of  all  the  meteoi-s  having  long  paths,  and  visil)le  at  a  single  station,  pass 
within  30°  of  the  zenith,  and  all  of  these,  if  bright,  could  thus  be  photographed.  Our 
knowledge  of  very  bright  meteors  is  extremely  limited.  They  are  so  few  in  number 
that  we  cannot  determine  their  radiant  points  in  the  usual  way,  and  unless  they  happen 
to  be  observed  carefully  from  more  than  one  station,  little  information  is  ol^tained 
regarding  them.  The  radiant  point  can  be  determined  b}'  observations  of  a  single 
meteor  from  two  stations,  as  well  as  from  the  intersection  of  two  meteor  trails  as  seen 
from  one  station.  Two  such  cameras  have  been  constructed  and  -will  be  in  operation 
shortly  at  Blue  Hill  and  at  Cambridge.  They  are  provided  with  caps  actuated  by 
alarm  clocks,  so  that  the  exposure  is  stopped  automatically  shortly  before  dawn. 
The  operator  need  only  expose  a  plate  in  the  evening,  after  dark,  and  remove  and 
develope  it  at  his  convenience  the  next  day.  If  now,  two  photographs  are  obtained 
of  the  same  meteor,  much  information  will  be  furnished  regarding  it.  Bright  meteor 
trails  often  show  points  of  increased  brightness  due  to  small  explosions.  Superposing 
the  two  photographs,  the  height  of  the  meteor  at  the  instant  of  explosion  is  given  by 
a  simple  proportion.     As  the  distance  of  the  meteor  on  the  two  photographs  is  to 
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the  focal  length  of  the  lenses,  so  is  the  distance  apart  of  the  two  stations,  to  the 
required  altitude.  A  similar  computation  may  be  made  from  the  distance  apart  and 
azimuths,  of  the  trails  themselves,  if  no  distinctive  points  appear  on  them.  The 
positions  of  the  trails  in  space  can  be  determined  if  the  plates  are  levelled,  or  from 
the  trails  of  the  stars  which  also  appear  on  the  plates.  The  intersection  of  the  two 
trails  gives  the  decUnation  of  the  radiant  point  of  the  meteor,  but  its  right  ascension 
is  indeterminate  unless  the  time  at  which  the  meteor  appeared  is  noted.  This  diffi- 
culty might  be  remedied  by  mounting  the  camera  equatorially,  and  it  is  possible  that 
tliis  plan  may  be  adopted  later. 

The  spectra  of  bright  meteors  could  be  obtained  by  placing  a  prism  in  front  of  the 
lens  of  the  camera.  In  tliis  case,  the  value  of  the  result  would  be  greatly  increased 
by  giving  a  motion  to  the  photographic  plate.  For  instance,  if  a  vibratory  motion  is 
given  to  the  latter,  hke  that  of  a  pendulum,  the  image  of  the  meteor  as  it  traversed 
the  plate  would  have  a  relative  motion  wliich  would  be  continually  varying.  At  one 
point  it  might  become  small,  so  that  we  should  be  virtually  following  the  meteor  by 
clockwork,  as  in  the  case  of  a  star,  and  at  this  instant  its  spectrum  would  be  photo- 
graphed even  if  not  very  bright.  If  the  period  of  vibration  is  a  second,  or  less,  two 
or  more  images  of  each  meteor  would  appear  at  intervals  equal  to  the  time  of  vibra- 
tion. This  would  give  the  angular  motion  of  the  meteor,  and,  if  its  distance  is 
known,  its  absolute  velocity. 

By  the  expenditure  of  three  plates  a  night  it  seems  possible  to  determine 
the  altitude,  i-adiant  point,  velocity,  and  spectrum  of  one  third  of  all  the  bright 
meteors  visible  in  a  given  locahty.  It  is  probable  that  several  meteors  bright  enough 
to  1)6  photographed  in  this  way  appear  eveiy  month. 

EDWARD  C.    PICKERING. 
February  20,  1899. 
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THE   variable   STARS   U  VULPECULAE   AND    ST  CYGNL 

The  variability  of  the  stars  +20°  4200  and  +28°  3400  has  been  announced,  and 
the  designations  U  Vulpeculae  and  ST  Cygni  assigned  to  them  Ijy  Professor  Miiller 
and  Dr.  Kempf  of  the  Potsdam  Observatory  (Astron.  Nach,  146,  37).  Measures  of 
these  stars  have  accordingly  been  made  by  Professor  0.  C.  Wendell,  %vith  the  photo- 
meter with  achromatic  prisms  attached  to  the  15  inch  Equatorial  of  this  Observatory. 
The  star  +20°  4200  was  compared  with  the  star  +20°  4204,  which  is  about  12'.6  dis- 
tant. The  results  of  these  measures  are  shown  by  the  heavy  dots  in  Figure  1,  ordinates 
representing  magnitudes,  and  abscissas,  phases,  or  intervals  in  days  since  the  last  com- 
puted maximum.  The  measures  made  at  Potsdam  are  represented  by  the  light  dots 
connected  by  hnes,  and  the  dotted  line  shows  the  light  curve  given  in  the  article  men- 
tioned above.  The  results  for  +28°  3460,  which  was  compared  with  +28°  3467, 
distant  15'. 0,  are  similarly  shown  in  Figure  2.     It  will  be  seen  that  a  smooth  curve 
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Fig.  1.  Fig.  2. 

can  be  drawn,  which  would  not  differ  on  the  average  by  more  than  one  or  two  hun- 
dredths of  a  magnitude  from  the  points  observed  here.  The  greater  accordance  of 
the  Harvard  measures  as  compared  with  those  made  at  Potsdam,  is  partly  due  to  the 
greater  number  of  settings  made  each  night,  and  partly  to  the  smaller  angular  dis- 
tance between  the  stars  compared.  At  Cambridge,  adjacent  stars  are  compared 
directly,  while  at  Potsdam,  each  star  is  compared  with  the  standard  stars  by  means 
of  an  artificial  star.  In  dramng  the  light  curve  of  +  20°  4200,  too  great  weight 
seems  to  have  been  given  to  the  Potsdam  observation  for  which  the  phase  is  7'*.7, 
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magnitude  7.22.  Eejecting  this,  the  other  Pot.sdam  observations  agree  closely  with 
those  made  at  Cambridge.  To  reduce  the  results  to  the  same  scale,  the  Cambridge 
magnitudes  have  been  changed  by  +0.16  and  +0.32,  and  the  phases  by  +0''.8  and 
— 0''.2,  in  Figures  1  and  2  respectively.  This  indicates  that  the  period  of  +20°  4200 
is  7''.98,  instead  of  8".00. 

S  ANTLIAE. 

The  accuracy  attainaljle  with  the  photometer  described  above  is  illustrated  by 
the  following  observations  of  the  variable  star,  S  Antliae.  This  star  has  a  period  of 
7''46"\8,  which  is  the  shortest  known,  except  in  the  case  of  variables  in  clusters, 
In  Circulars  Nos.  23  and  25,  it  was  shown  that  the  period  of  U  Pegasi,  which  was 
at  one  time  supposed  to  be  shorter  than  that  of  any  other  vai'iable,  should  really  be 
doubled.  The  alternate  minima  were  bright  and  faint,  the  difference  in  magnitude 
amounted  to  0.15  and  was  determined  with  a  probable  error  but  little  exceethng 
one  hundredth  of  a  magnitude.  It,  therefore,  appeared  important  to  see  if  S  Antliae 
belonged  to  the  same  class  of  variables,  and  if  its  period  should  be  doubled.  A  series 
of  measurements  was  accordingly  made  by  Professor  Wendell  on  difl'erent  nights 
near  the  times  of  minima,  care  being  taken  that  some  of  the  minima  should  corre- 
spond to  an  odd,  and  others  to  an  even  number  of  periods  of  variation,  E.  The 
comparison  star  was  — 28°  7347,  distant,  21'. 8.  A  light  curve  was  then  formed  from 
these  measures,  and  residuals  taken  from  it.  On  two  nights  E  was  odd,  11229  and 
11349,  and  the  means  of  the  corresponding  residuals  were  +0.011  and  0.000;  on 
three  nights  E  was  even,  1130(3.  11340,  and  11346,  and  the  mean  residuals  were 
+  0.004,  — 0.007,  and  +0.008.  The  assumed  value  of  the  difference  in  magnitude 
of  S  Antliae  when  at  minimum  and  — 28°  7347,  was  — 1.676.  Accordingly,  the  mean 
difference  in  magnitude  at  minimum  when  E  was  odd,  was  — 1.670,  and  when  E  was 
even,  — 1.674.  It  seems  impossible  that  thousandths  of  a  magnitude  should  have  any 
real  value,  but  if  neglected,  the  accuracy  of  these  observations  would  not  be  properly 
indicated.  An  error  of  two  or  three  hundredths  of  a  magnitude  could  not  have 
failed  to  be  detected.  The  varial)le  star  S  Antliae,  therefore,  does  not  have  a  light 
curve  resembling  that  of  /S  Lyrae  and  U  Pegasi,  and  the  period  of  variation  should 
not  be  doubled. 

EDWARD  C.  PICKERING. 
February  21,  1899. 
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A   NEW   STAR   IN   SAGITTARIUS. 

A  new  star  appeared  in  the  con.stellatiou  Sagittarius  early  in  the  3'ear  1898,  or 
possibly  in  the  latter  part  of  the  year  1897.  It  was  found  from  the  peculiarities  of 
its  spectrum,  by  Mrs.  Fleming,  during  the  examination  of  the  Draper  Memorial 
photographs.  The  approximate  position  for  1900,  derived  from  a  photographic  chart, 
using  the  Diu-chmusterung  positions  of  adjacent  stars,  is  R.A.  ^  18'' 56"'.2,  Dec.  =^ 
— 13°  18'.  It  was  too  faint  to  be  photographed  on  eighty-seven  plates,  from  Sep- 
tember 5, 1888,  to  October  23,  1897,  including  three  plates  in  1888,  one  in  1889,  three 
in  1890,  eleven  in  1891,  three  in  1892,  twelve  in  1893,  ten  in  1894,  twenty-one  in 
1895,  eight  in  1896,  and  fifteen  in  1897.  On  the  last  of  these  plates,  A  2845,  taken 
at  Arequipa  with  the  Bi'uce  telescope,  stars  of  the  fifteenth  magnitude  are  shown,  but 
the  Nova  is  invisible.  The  Nova  appears  on  eight  photographs  taken  in  March  and 
April,  1898.  In  the  description  of  them  given  below,  the  designation  of  the  jslate  is 
followed  by  the  date  and  the  exposure.  The  letter  B  indicates  that  the  photograph 
was  taken  at  Arequipa  with  the  8-inch  Bache  telescope,  and  I,  that  it  was  taken  at 
Cambridge  with  the  8-inch  Draper  telescope.  Both  of  these  instruments  are  doviblets. 
The  magnitudes  are  estimated  by  comparison  with  adjacent  stars,  and  are  approximate 
only,  especially  since  the  image  was  near  the  centre  of  the  plate  only  on  B  21251, 
B  21258,  and  B  21319. 

I  20428.     March  8,  1898.     Ex.  13"\     Magn.  4.7.     Estimated  0.1   fainter   than 

—  16°  5283,  photometric  magn.  4.6. 

I  20500.     March  14,  1898.     Ex.  13™.     Magn.  5.0.     Estimated  0.5  fainter    than 

—  16°  5283,  and  0.4  brighter  than  — 14°  5476,  photometric  magn.  5.6. 

I  20612.     April  3,  1898.     Ex.  16'".     Magn.  8.2. 

B  21251.  April  19,  1898.  Ex.  60'".  Magn.  8.2.  An  excellent  photograph  of 
the  spectrum,  3  mm.  in  length,  and  shoAving  the  lines  HyS,  Hy,  H8,  He,  H^,  Htj,  and 
probably  H^,  bright.  A  broad  band,  wave  length  4643,  is  also  bright,  and  narrow 
bright  lines  are  seen  at  aljout  4029,  4179,  4238,  4276,  4459,  and  4536.  These  lines 
appear  to  be  identical  with  the  corresponding  lines  found  in  the  spocti-um  of  Nova 
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Aurio-ae.  A  well  marked  dark  line  api)ears  at  40G().  It  will  l)e  noticed  that  in  this 
star,  as  in  Xova  Persei,  Nova  Aurigae,  Nova  Normae,  and  Nova  Carinae.  the  line  He 
is  bri"-ht.  Avhile  in  variable  stars  of  long  period  this  line  is  always  dark,  being  probably 
obscured  by  the  broad  calcimu  line  H.  This  alone  may  serve  to  distinguish  between 
a  Nova  and  a  variable.  The  accompanying  dark  lines  on  the  edge  of  shorter  wave 
length  of  the  bright  lines  in  Nova  Aurigae.  No\  a  Normae.  and  Nova  Carinae  are  not 
visible.     The  line  K,  also,  is  not  shown. 

1  2II7.']S.     April  21,  1898.     Ex.  9'".     Magn.  8.6. 

B  21258.  April  21,  1898.  Ex.  62"*.  Magn.  8.2.  The  spectrum  closely  resem- 
bles that  on  B  21251  taken  two  days  eai'lier,  but  .shows  certain  marked  differences. 
The  broad  dark  line  at  4060  has  disappeared,  and  a  narrow  bright  line  appears  at 
5005,  doubtless  identical  with  the  principal  nebidar  line,  50(17.  The  hydrogen  lines 
appear  to  be  somewhat  narroAver  and  more  intense  than  in  the  earlier  photograph, 
although  the  lines  in  the  adjacent  stars  are  nearly  the  same  in  Ijoth. 

B  21290.     April  26,  1898.     Ex.  10"^     Magn.  8.2. 

B  21319.     April  29,  1898.     Ex.  10'".     Magn.  8.4. 

The  region  of  the  Nova  is  included  on  two,  and  perhaps  three  plates  taken  at 
Arequipa  on  October  7  and  8,  1898,  but  not  yet  received  in  Cambridge.  They  wdU 
later  furnish  important  information  regarding  the  rate  of  diminution  of  the  light. 
On  March  9,  1899,  the  morning  after  the  discovery  of  the  Nova,  a  faint  image  of  it 
was  obtained  through  passing  clouds,  which  showed  that  its  photograpliic  image  was 
about  half  a  magnitude  fainter  than  that  of  — 13°5193,  magn.  9.5.  On  the  morning  of 
March  13,  1899,  the  Nova  was  examined  ^-iisually  by  Professor  0.  C.  Wendell.  He 
found,  first,  that  its  position  for  1900  is  R.A.  =  18'' 56"'  12^2,  Dec.  =  —  13°  18' 16". 
Secondly,  that  it  was  1.52  magn.  fainter  than — 13°  5200,  and  therefore  11.37  on  the 
photometric  scale.  Thirdly,  that  its  light  was  nearl}"  monochromatic  with  a  faint  con- 
tinuous spectriun.  This  Nova,  therefore,  like  several  that  have  preceded  it,  ajipears 
to  have  changed  into  a  gaseous  nebula.  This  is  also  indicated  by  the  faint  bright  line 
at  5005,  which,  as  stated  above,  appeared  in  the  photograph  of  its  spectrum  taken 
April  21.  1898. 

During  the  last  four  centuries,  fifteen  stars  have  apj^eared  which  are  commonly 
regarded  as  Novae.  These  stars  are,  in  general,  near  the  central  line  of  the  Milky 
Way.  Their  average  galactic  latitude  is  11°. 2,  while  if  uniformly  distributed  in  the 
sk}'  it  would  be  30°.     The  region  whose  galactic  latitude  is  less  than  30°  has  an  area 
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equal  to  one-half  of  that  of  the  whole  sky.  Fourteen  of  these  stars  appeared  in  this  ^ 
region,  and  only  one,  Nova  Coronae,  outside  of  it.  Nova  Andromedn?  and  Nova  Cen- 
tauri  had  spectra  without  bi-ight  lines,  and  unlike  other  Novae.  Omitting  tliem,  the 
average  galactic  latitude  of  the  others  is  9'.<).  The  galactic  latitude  of  Nova 
Coronae  is  46°. 8,  and  this  seems  to  be  the  onl^-  known  exception  to  the  rule  that 
all  Novae  having  bright  Hnes  in  their  spectra  have  appeared  near  the  central  line 
of  the  Milky  Way.  Omitting  this  star,  the  average  galactic  latitude  of  the  other 
twelve  is  5°. 8.  The  only  Novae  known  to  have  bright  lines  in  their  spectra  are 
those  which  appeared  in  Corona,  Cygnus,  Perseus,  Auriga,  Norma,  Carina,  and  Sagit- 
tarius. Omitting  the  first  of  these,  the  mean  galactic  latitude  is  4°. 6.  The  proba- 
biUty  that  such  a  distribution  is  due  to  accident,  is  extremely  small. 

EDAVARD   C.    PICKERING. 

March  14,  1899. 


Hakvard  College  Obseryatory. 
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A  NEW  SATELLITE  OF  SATURN. 

Nearly  all  of  the  astronomical  discoveries  made  by  the  aid  of  photograph}-  have 
related  to  the  fixed  stars.  In  the  study  of  the  members  of  the  solar  system,  the 
results  obtained  by  the  eye  are  generally  better  than  those  derived  from  a  photo- 
graph. For  many  years  it  has  been  supposed  that  photography  might  be  used  for 
the  discovery  of  new  satellites,  and  in  April,  1888,  a  careful  study  of  the  vicinity  of 
the  outer  planets  was  made  by  Professor  William  H.  Pickering.  Photographs  were 
taken  with  the  lo-inch  Boj-den  telescope,  with  exposures  of  about  one  hour,  and 
images  were  obtained  of  all  the  satellites  of  Saturn  then  known,  except  Mimas,  whose 
light  is  obscured  liy  that  of  its  primary.  It  was  then  shown  that  Saturn  probably 
had  no  satellite,  as  yet  undiscovered,  revolving  in  an  orbit  outside  of  that  of  Encela- 
dus,  unless  it  was  more  than  a  magnitude  fainter  than  Hyperion.  (Forty-third 
Report,  p.  8.) 

In  planning  the  Bruce  Photographic  telescope,  a  search  for  distant  and  faint 
satellites  was  regarded  as  an  important  part  of  its  work,  and  accordingly,  plates  for 
this  purpose  were  taken  at  Arequipa,  by  Dr.  Stewart.  A  careful  examination  of 
these  jjlates  has  been  made  b}^  Pi-ofessor  William  H.  Pickering,  and  by  superposing 
two  of  them,  A  .3228  and  A  32.3.8,  taken  August  16  and  18,  1898,  with  exposures  of 
120™,  a  faint  object  was  found  which  appeared  in  different  positions  on  the  two 
plates.  The  same  object  is  shown  on  two  other  plates,  A  3227  and  A  3230,  taken 
August  16  and  17,  1898,  with  exposures  of  (30'"  and  122'",  respectively.  The  posi- 
tion is  nearly  the  same  on  the  two  plates  taken  August  16,  l)ut  on  August  17  it 
followed  this  position  33",  and  was  south  19",  while  on  August  18  it  followed  72", 
south  43".  Its  motion  was  direct,  and  less  than  that  of  Saturn,  though  nearly  in 
the  same  direction.  It  cannot,  therefore,  be  an  asteroid,  but  must  be  either  a  satel- 
lite of  Saturn  or  a  more  distant  outside  planet.  The  proximity  of  Saturn,  renders 
the  first  supposition  much  more  probable.  On  August  17,  the  position  angle  from 
Saturn  was  106°,  and  the  distance  1480".  Assuming  that  it  was  at  elongation,  and 
that  its  orbit  is  circular,  its  period  Avould  be  400  days,  or  five  times  that  of  lapetus. 
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It  was  at  first  identifiod  with  a  very  faint  ol)ieot  found  on  plates  taken  in  1897, 
and  the  period  of  seventeen  months  was  derived  from  them.  Tliis  supposition  has 
uot  been  confirmed. 

Measurements  of  the  positions  of  the  images  give  additional  material  for  deter- 
miuinu-  the  form  of  the  orbit.  The  method  of  measui'ement  is  that  described  in  the 
Annals.  Vol.  XXYI.  p.  236.  The  uncorrected  positions  of  the  four  images  referred 
to  the  first  plate  of  August  16  as  an  origin,  are  for  .c,  0".0,  +r'.2,  +33". 6,  and 
+  71".8;  for  y,  0".0, — 1".7,  — 19". 8,  and  — 42". 1  ;  the  corresponding  Greenwich 
mean  times  are  12''  16'",  14''  18"',  12''  56'",  and  13''  12'".  Correcting  for  the  motion  of 
Saturn,  the  relative  motion  with  reference  to  that  body  is  in  .r,  0".0,  — 2". 4,  — 10". 7, 
and— 22".();  in  .;/,  0".0,  +0".l,  +2".4.  and +2".9.  It  appears  from  this,  that  the 
apj)arent  motion  is  aboiit  10". 4  a  day.  at  a  distance  of  1480".  A  computation  shows 
that  if  the  orbit  is  circular,  the  jjcriod  must  be  either  4200  or  490  days,  according 
as  the  satellite  is  near  conjunction  or  elongation.  These  values  may  be  greatl_y 
altered  if  the  orbit  is  elliptical.  Since  the  interval  of  time  between  the  fii'st  and  last 
photographs  on  which  the  satellite  appears  is  only  two  days,  it  is  impossible  to  predict 
its  position  with  accuracy.  It  is  proljable  that  its  position  angle  from  Saturn  now 
lies  between  280°  and  290°,  and  its  distance  between  20'  and  30'.  These  uncertain- 
ties will  proljably  l)e  greatly  diminished  from  measures  of  plates  of  Saturn  taken  in 
Arequipa  on  September  15,  16,  and  17,  18'.)8,  which  for  some  unexplained  reason 
have  not  yet  been  received  in  Cambridge. 

The  direction  of  the  motion,  which  is  }iearly  towards  Saturn,  shows  that  the 
apparent  orbit  is  a  very  elongated  ellipse,  and  that  it  lies  nearly  in  the  plane  of  the 
ecliptic.  Professor  Asaph  Hall  has  pointed  out  that  this  is  to  be  expected  in  a  body 
so  distant  from  Saturn.  The  attraction  of  the  latter  only  slightly  exceeds  that  of  the 
Sun.  Hyperion  appears  as  a  conspicuous  object  on  all  four  of  the  plates,  and  the  new 
satellite  appears  about  a  magnitude  and  a  half  fainter  on  each.  The  approximate 
magnitude  is  therefore  about  15.5.  As  seen  from  Saturn,  it  would  appear  as  a  faint 
star  of  about  the  sixtli  magnitude.  Assuming  that  its  reflecting  power  is  the  same  as 
that  of  Titan,  its  diameter  would  be  about  two  hundred  miles.  It  will,  therefore,  be 
noticed  that  while  it  is  proljably  the  faintest  body  yet  found  in  the  solar  system,  it  is 
also  the  largest  discovered  since  the  inner  satellites  of  Uranus  in  1851.  The  last 
discovery  of  a  satellite  of  Saturn  Avas  made  in  Septemljer,  1848,  by  Professor  William 
C.  Bond,  then  Director  of  this  Observatory,  and  his  son,  Professor  George  P.  Bond. 
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The  satellite  Hyperion  was  seen  bj'  the  son  on  September  16  and  18,  but  its  true 
character  was  first  recognized  on  September  19,  when  its  position  was  measured  by 
both  father  and  son  (See  Annals,  II,  p.  12) .  Soon  after,  it  was  discovered  inde- 
pendently by  Lassell  at  Liverpool. 

Professor  William  H.  Pickering,  as  the  discoverer,  suggests  that  the  name 
Phoebe,  a  sister  of  Saturn,  be  given  to  the  new  satellite.  Three  of  the  satellites, 
Tethys,  Dione  and  Rhea  have  already  been  named  for  Saturn's  sisters,  and  two, 
Hyperion  and  lapetus,  for  his  brothers. 

EDWARD  C.  PICKERING. 

April    10,  1899. 


ih^ 


Harvard  College  Observatory. 
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THE  NEW  ALGOL  VARL\BLE  IN  CYGNUS.     +  45°  .3062. 

An  aniiouncenient  is  made  in  the  Astronomi.sclie  Nachrichten,  149,  271,  that 
the  star  +4-3°  .3062,  R.A.  =20"  2"'.4,  Dec.  =+45°  5-3'  (1855),  magn.  8.6,  is  a  varia- 
ble star  of  the  Algol  t\pe.  Muie.  L.  Ceraski  of  Moscow  found  it  abnormally  faint 
on  a  photographic  pLate  taken  on  May  20,  1898,  and  M.  S.  Blajko,  after  observing 
it  visually  for  a  long  time,  found  it  again  at  minimum  on  May  7,  1899.  An  exami- 
nation was  accordingly  made  of  the  Draper  Memorial  photographs  to  determine  the 
nature  of  the  variation.  The  region  was  covered  by  195  plates,  170  of  which  showed 
the  star  at  its  full  brightness,  including  28  taken  in  1890,  18  in  1891,  22  in  1892, 
17  in  1893,  13  in  1894, 17  in  1895,  21  in  1896, 17  in  1897, 12  in  1898,  and  5  in  1899. 
Besides  these,  twenty  plates  sliow  the  star  when  it  was  below  its  normal  bright- 
ness. From  a  discussion  of  these  plates  it  appears  that  the  minima  they  indicate,  as 
well  as  the  two  minima  found  at  Moscow,  may  be  closely  represented  by  the  formula 
J.D.  2,411,  343".605  +4".57294  E.  The  period,  therefore,  is  4"  13"  45'"2\  with  an 
uncertainty  which  jjrobably  does  not  exceed  one  or  two  seconds.  The  variation  in 
brightness  of  this  star  amounts  to  about  three  magnitudes,  and,  therefore,  exceeds 
that  of  any  Algol  star  hitherto  discovered.  Like  all  other  Algol  stars,  its  spectrum 
is  of  the  first  tj-pe. 

The  announcement  of  the  chscovery  of  this  variable  reached  this  Observatory  on 
June  1.  On  June  3,  the  elements  and  ephemeris  had  been  determined  just  in 
time  to  jjrepare  for  the  minimum  of  that  night.  Accordingly,  the  star  was  followed 
all  night  by  Professor  Wendell,  assisted  by  Mr.  Leon  Campbell,  and  272  settings 
were  made  with  the  photometer  attached  to  the  15  inch  Equatorial.  From  these  it 
appears  that  at  16". 0  G.  M.  T.,  it  was  0.20  magnitudes  brighter  than  the  comparison 
star,  +  45°  3067,  while  at  19".9  G.  M.  T.,  when  observations  were  stopped  by  the 
dawn,  it  was  2.25  magnitudes  fainter  than  the  same  comparison  star,  although  it 
was  still  l".o  before  the  predicted  minimum.  Observations  by  Argelander's  method 
were  also  made  all  night  by  Mr.  Wm.  M.  Reed,  with  the  6  inch  Equatorial.     Mean- 
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-n-hile,  thirty  photographic  images  were  obtained  bv  ]\Ir.  H.  R.  Colson,  as.si.<ted  by 
Mr.  E.  R.  Cram. 

The  minima  so  far  observed  are  given  in  chronological  order  in  the  following 
table,  including,  on  Jmie  3  and  8,  only  the  photographs  taken  with  the  8  inch  Draper 
telescope.  The  value  of  E  is  given  in  the  first  column.  The  second  column  gives 
the  designation  of  the  plate,  A  denoting  the  24  inch  Bruce  telescope,  B  the  8  incli 
Bache  telescope,  and  I  the  8  inch  Draper  telescope.  B  1710,  I  2-31,  I  907,  I  1303, 
I  3719,  I  7744,  and  I  11504  are  spectrum  plates.  The  date  on  which  the  photograph 
was  taken,  the  Greenwich  Mean  Time,  the  Julian  Day  omitting  the  three  left  hand 
figures,  241,  and  the  fraction  of  a  da\-  following  Greenwich  Mean  Noon,  and  the 
length  of  exposure,  are  given  in  the  next  four  columns.  The  photographic  magni- 
tude is  given  in  the  seventh  column,  the  computed  time  of  minimum  in  the  eighth, 
and  the  observed  minus  the  computed  in  the  ninth  column.  The  tenth  columia 
gives  a  correction  for  the  magnitude  of  the  star  derived  from  the  figures  given  in 
the  seventh  and  ninth  columns.  The  sign  is  indeterminate,  and  corresponds  with 
the  assumption  that  the  period  is  uniform.  The  corrected  residuals  are  given  in  the 
eleventh  column.  No  correction  has  been  applied  for  the  light  equation.  The  error 
from  this  cause  is  small  since  the  star  is  not  very  far  from  the  pole  of  the  ecliptic. 
The  last  column  gives  the  error  in  the  observed  magnitude  assuming  the  computed 
magnitude  to  be  correct. 

OBSERVED  MINIMA. 
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E  675.  This  is  the  date  on  wliich  tlie  phite  was  taken,  from  which  Madame 
Ceraski  discovered  the  variable.  The  time  is  not  given,  but,  owing  to  the  northern 
hxtitude  of  Moscow  has  been  assumed  to  be  near  midnight.  As  the  brightness  is  not 
stated,  no  correction  for  magnitude  can  be  apphed. 

E  752.     Found  by  M.  Blajko  from  \dsual  observations. 

E  758.  The  last  plate,  I  22988,  was  taken  in  strong  twilight  so  that  the  Pole 
Star  was  barely  visible.  The  plate  was  not  fogged,  but  the  star  had  become  too  faint 
to  be  photographed. 

On  five  plates,  taken  at  0519.592,  1720.483,  1935.849,  3058.784,  and  3859.525, 
the  variable  appears  to  be  about  two  tenths  of  a  magnitude  below  its  maximum  bright- 
ness, 8.96,  but  the  phase  shows  that  it  was  not  at  minimum.  On  a  few  plates  the 
variable  appears  a  little  brighter  than  normal,  but  these  small  variations  are  probably 
due  to  photographic  effects,  such  as  distance  from  centre  of  plate,  or  difference  in 
color,  which  affects  chart  images  different!}'  from  spectra. 

The  average  value  of  the  residuals  in  the  last  column  is  ±0.07.  It  will,  there- 
fore be  seen  that  the  formula  given  above  serves  to  compute  the,  magnitudes  for  the 
last  ten  years  with  such  accuracy  that  they  dift'er  from  the  measured  values  on  the 
average  by  less  than  a  tenth  of  a  magnitude.  Even  these  small  differences  could 
doubtless  be  diminished  by  appljdng  the  correction  for  the  light  equation,  by  correct- 
ing the  light  curve  since  the  positive  residuals  slightly  exceed  the  negative,  and  by 
remeasuring  the  more  discoi-dant  plates.  In  each  of  the  five  cases  in  which  the  star 
is  not  seen,  indicated  by  the  sign  <  followed  by  the  magnitude  of  the  faintest  star 
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visible   on  the  plate,  computation  shows  that  the  variable  must  have  been  fainter 
than  this  magnitude.     An  ephemeris  for  the  i-emainder  of  the  year  is  given  below. 


EPHEMERIS  OF  HELIOCENTRIC  MINIMA. 
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il       h     m 

m 

(/  h      m 
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4809.89352 

6 

3  21  26 

774 

4883.06056 

8 

16  1  28 

790 

4956.22760 

10 

28  5  28 

759 

4814.46646 

6 

8  11  11 

775 

48S7.63350 

8 

20  15  12 

791 

4960.sOU."i4 

11 

1  19  13 

7(i0 

4819.03940 

6 

13  0  56 

776 

4892.20644 

8 

25  4  57 

792 

4965.37348 

11 

6  8  57 

761 

4823.61234 

6 

17  14  41 

777 

4896.77938 

8 

29  18  42 

793 

4969.94642 

11 

10  22  42 

7(32 

4828.18528 

6 

22  4  26 

778 

4901.352.32 

9 

3  8  27 

794 

4974.51936 

11 

15  12  27 

763 

4832.75822 

6 

26  18  11 

779 

4905.92526 

9 

7  22  12 

795 

4979.i»!»-_':!n 

11 

20  2  12 

764 

4837.33116 

7 

1  7  56 

780 

4910.49820 

9 

12  11  58 

796 

4983.ti(;.-.-4 

11 

24  1.^  57 

765 

4841.90410 

7 

5  21  42 

781 

4915.07114 

9 

17  1  42 

797 

4988.23MS 

11 

29  5  43 

766 

4846.47704 

7 

10  11  27 

782 

4919.64408 

9 

21  15  27 

798 

4992.81112 

12 

3  19  28 

767 

4851.04998 

7 

15  1  12 

783 

4924.21702 

9 

26  5  12 

799 

4997.38406 

12 

8  9  13 

768 

4855.62292 

7 

19  14  57 

784 

4928.78996 

9 

30  18  57 

800 

5001.95700 

12 

12  22  58 

769 

4860.19586 

7 

24  4  42 

785 

4933.36290 

10 

5  8  43 

801 

5006.52994 

12 

17  12  43 

770 

4864.76880 

7 

28  18  27 

786 

4937.93584 

10 

9  22  28 

802 

5011.10288 

12 

22  2  28 

771 

4869.34174 

8 

2  8  12 

787 

4942.50878 

10 

14  12  13 

803 

501.5.67582 

12 

26  16  13 

772 

4873.91468 

8 

6  21  57 

788 

4947.08172 

10 

19  1  58 

804 

5020.24876 

12 

31  5  58 

773 

4878.48762 

8 

11  11  43 

789 

4951.65466 

10 

23  15  43 

It  will  V)e  noticed  that  nearly  a  year  would  have  been  saved  had  tlie  original  cUs- 
covery  of  the  variability  of  this  star  been  sent  here  for  confirmation  from  the  photo- 
graphs, or  had  it  been  announced  publicly.  There  is  so  little  chance  for  error  in  a 
photograph  tliat  such  cases  are  always  examined  here.  Confirmation  is  not  always 
obtained.  A  striking  instance  of  this  kind  is  furnished  by  a  photograph,  X  7524 
taken  at  Areciuipa  with  the  13  inch  Boyden  telescope  on  Ma}'  22,  189G  at  14:''  20"'  G. 
M.  T.  Miss  A.  J.  Cannon  found  that  this  plate  shows  the  spectra  of  A.  G.  C.  17312, 
17407,  and  17453,  magns.  7.0,  7.2  and  7.5  respectively,  but  fails  to  show  the  spec- 
triuu  of  the  brighter  star  A.  G.  C.  17270,  magn.  6.0.  Apparentl}'  this  is  an  Algol  star 
observed  at  one  minimum  only.  On  153  other  plates  the  star  appears  of  its  normal 
brightness.  On  a  photograph,  C  7354,  taken  at  Cambridge  with  the  11  inch  Draper 
telescope  on  December  18,  1894  at  11"  8"'  G.  M.  T.,  the  star,  +  42°  4182,  magn.  9.1 
was  found  by  Miss  L.  D.  Wells  to  be  absent,  although  stars  two  and  a  half  magni- 
tudes fainter  Avere  shown.  On  plate  C  7353  taken  twelve  minutes  earlier,  and  on  259 
other  plates,  it  appears  of  its  normal  brightness.  An  adjacent  defect  in  the  film  of 
the  first  plate  is  perceptible,  and  perhaps  explains  the  absence  of  this  star. 

EDWARD  C.  PICKERING. 

June  10,  1899. 


Haryakd  College  Obseryatory. 
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THE   NOVEMBER   METEORS   OF    1899. 

The  ijredicted  time  of  maximum  of  the  November  Meteors  is  November  15, 
1899,  at  18''  Greenwich  Mean  Time.  As  a  similar  shower  may  not  occur  again  for 
thirty  years,  no  pains  should  be  spared  to  secure  the  best  possible  observations.  The 
most  useful  observations  that  can  be  made  by  amatevu's  are  those  which  will  serve  to 
determine  the  number  of  meteors  visible  per  hour  throughout  the  entire  duration 
of  the  shower.  Circular  No.  31  was  accordingly  distributed  last  year,  and  numerous 
valuable  observations  were  thus  secured  from  observers  in  all  parts  of  the  world. 
The  results,  some  of  which  are  given  below,  are  now  being  discussed  by  Professor 
W.  H.  Pickering,  and  will  he  jjublished  later  in  the  Annals.  Similar  observations  are 
desired  this  year,  and  it  is  hoped  that  they  may  be  made  on  November  15,  and  also 
on  the  two  preceding  and  following  evenings.  The  most  important  time  for  observa- 
tion is  from  midnight  until  dawn,  as  comparatively  few  meteors  are  exjiected  earlier. 
Observations  are  particularly  needed  at  hours  when  they  cannot  be  made  at  the 
observatories  of  Europe  and  America.  In  general,  the  time  required  for  ten  or  more 
meteors  to  appear  in  the  region  covered  by  the  accompanying  map,  should  be 
recorded.  This  observation  should  be  repeated  every  hour  or  half  hour.  If  the 
meteors  are  too  numerous  to  count  all  those  appearing  upon  the  map,  the  observer 
should  confine  his  attention  exclusively  to  some  small  region  such  as  that  included 
between  the  stars  /a  Ursae  Majoris,  40  Lyncis,  8  and  a  Leonis.  If  the  meteors 
occur  but  seldom,  one  every  five  minutes,  for  instance,  the  time  and  class  of 
each  meteor  should  be  recorded.  Also,  note  the  time  during  which  the  sky  was 
watched  and  no  meteors  seen,  and  the  time  during  wliich  that  portion  of  the  sky  was 
obscured  by  clouds.  Passing  clouds  or  haze,  during  the  time  of  observation  should 
also  be  recorded.  The  date  should  be  the  astronomical  day,  beginning  at  noon,  that 
is,  the  date  of  early  morning  observations  should  be  that  of  the  preceding  evening. 
Specify  what  time  is  used,  as  Greenwich,  Standard,  or  Local  Time.  When  a  meteor 
bursts,  make  a  second  observation  of  its  light  and  color,  and  when  it  leaves  a  trail, 
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record  the  motion  of  the  latter  by  charting  the  neighboring  stars,  and  sketching  its 
position  among  them  at  short  intervals  nntil  it  disappears,  noting  the  time  of  each 
observation.  If  the  path  of  a  meteor  is  surely  curved,  record  it  carefully  upon  the 
map. 

On  November  1-4, 1898,  tliirty-four  photographs  were  obtained  of  eleven  different 
meteors.  Their  discussion  has  led  to  results  of  unexjjected  value.  The  greatest 
number  of  meteors  photographed  by  one  instrument  was  five.  Only  two  meteors 
were  photographed  which  passed  outside  of  the  region  covered  by  the  map,  although 
the  total  region  covered  was  three  or  four  times  as  great.  No  meteors  fainter  than 
the  second  magnitude  were  photograjjhed. 

Photographs  may  be  taken,  first,  by  leaving  the  camera  at  rest,  when  the  images 
of  the  stars  will  trail  over  the  plate  and  appear  as  lines,  or  secondly,  attaching  the 
camera  to  an  equatorial  telescoiDe  moved  by  clockwork,  when  a  chart  of  the  sky  will 
be  formed,  in  which  the  stars  will  appear  as  points.  A  rapid-rectilinear  lens  is  to  be 
preferred  in  the  first  case,  a  wide-angle  lens  in  the  second.  The  full  aperture  should 
be  used,  and  as  large  a  plate  as  can  be  covered.  The  most  rapid  plates  are  best  for 
this  work ;  they  should  be  changed  once  an  hour,  and  the  exact  times  of  starting  and 
stopping  recorded.  Care  should  be  taken  to  stiffen  the  camera  hy  braces,  so  that  the 
focus  will  not  be  changed  when  the  instrument  is  pointed  to  chfferent  portions  of  the 
sky,  especially  if  the  lens  is  heavy.  If  the  first  method  is  employed,  the  position  of 
the  camera  should  be  changed  after  each  plate,  so  as  to  include  as  much  as  possible 
of  the  region  of  the  map  on  each  photograph.  If  pointed  a  little  southeast  of 
e  Leonis,  the  radiant  will  reach  the  centre  of  the  field  about  the  middle  of  the  expo- 
sure. A  watch  of  the  region  should  also  be  kejit,  and  the  exact  time  of  appearance 
and  path  of  each  meteor  as  bright  as  the  Pole  Star  should  be  recorded.  The  plates 
should  be  numbered  on  the  film  side  with  a  pencil,  and  should  be  sent  to  this  Observ- 
atory with  accompanying  notes  and  other  observations.  After  measurement  here, 
they  will  be  returned  if  desired.  The  value  of  the  results  will  be  much  inci'eased  if 
similar  photographs  can  be  obtained  by  a  second  camera  from  ten  to  forty  mUes 
distant,  and  preferably  north  or  south  of  the  other. 

EDWARD   C.  PICKERING. 
September  18,  1899 
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POSITION   OF   NOVA   SAGITTARII. 

The  method  of  determinmg  the  precise  positions  of  the  stars  from  measures  of 
their  photographic  images,  described  in  the  Annals,  Volume  XXVI,  p.  237,  is  now 
generally  employed  here  when  accurate  positions  are  desired.  The  positions  of  the 
planet  Eros  on  the  photographs  described  in  Circulars  Nos.  36  and  37  are  being  deter- 
mined by  this  method.  As  an  illustration  of  the  accuracy  readily  attained,  measiu'es 
were  made  of  the  New  Star  in  Sagittarius  described  in  Circular  No.  42.  The  first 
pair  of  plates  measured  were  enlargements  of  Plate  B  21319,  taken  with  the  8-iuch 
Bache  telescope  on  April  29,  1898,  with  an  exposure  of  10  minutes.  The  star  was 
then  of  the  eighth  magnitude.  The  second  pair  of  plates  were  enlargements  of 
Plate  C  11827,  taken  with  the  11-inch  Draper  telescope  on  March  20, 1899,  when  the 
star  was  of  the  eleventh  magnitude.  Six  exposures  of  10  minutes  each  were  given 
to  the  last  plate,  moving  it  slightly  in  dechnation  after  each.  Six  adjacent  images  of 
the  Nova  and  of  each  of  the  comparison  stars  were  thus  obtained.  A  single  enlarge- 
ment, therefore,  furnishes  six  independent  determinations  of  the  position  of  the  Nova. 
It  was  found  more  convenient,  however,  to  take  the  mean  of  the  measures  of  the  six 
images  and  treat  them  like  a  single  observation.  Two  enlargements  were  made  of 
each  of  the  two  original  negatives,  taking  care  to  move  the  reticule  about  a  millimetre 
in  each  coordinate  after  the  first  enlargement  of  each  plate,  and  thus  eliminate,  or  at 
least  reduce,  errors  in  ruling.  Four  independent  determinations  of  position  are  thus 
obtained,  which  are  given  below.  Two  positions  of  this  object  have  been  jjublished, 
derived  from  visual  observations.  The  first,  by  Professor  0.  C.  Wendell,  is  given  in 
Circular  No.  42 ;  the  second,  by  Professor  E.  Hartwig,  is  given  in  the  Astron.  Nach. 


Wendell. 

Haitwig. 

B  21319, 

I. 

" 

II. 

C  11827, 

I. 

" 

II. 
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149,  29.  It  sboiild  be  stated  that  in  the  first  of  these  determinations  the  times  were 
noted  on  a  chronometer  by' a  comparatively  inexperienced  recorder,  and  in  the  second 
case,  a  single  comparison  star,  — 13°5194,  was  nsed  whose  position  was  taken  from 
Weisse,  and  differs  several  seconds  from  the  recent  observations  of  its  position  made 
here.  The  photograpliic  determinations  depend  on  the  positions  of  five  stars,  — 13°5183, 
— 13°5185,  — 13°5194,  — 13°5197,  and  — 13°5200,  measured  with  the  Harvard  Meridian 
Circle. 

R.  A.  1900  =  18*  Se™  12-.2  Dec.  1900=  -  13°  18'  16" 

"     =  18    56     12 .69  "  "    =  -  13  18  22.3 

"     =  18    56     12 .82  "  "    =  -  13  18  12.6 

"     =18    56     12.90  "  "    =-13  18  12.8 

"     =18    56     12.81  "  "    =-13  18  13.2 

"     =18    56     12.79  "  "     =-13  18  13.3 

The  close  agreement  of  the  four  photographic  measures  indicates  that  this 
method  gives  results  of  an  accuracy  at  least  equal  to  the  best  meridian  circle  observa- 
tions. As  in  the  case  of  other  Novae,  there  is  no  evidence  of  proper  motion,  or 
change  of  position  as  the  star  fades. 

Several  measures  were  made  of  each  image  of  the  Nova.  A  comparison  of  them 
shows  that  the  pi'obable  error  of  a  single  setting  is  ±0".13,  the  largest  residual  being 
0".3.  A  similar  determination  from  settings  of  the  comparison  stars  gave  the  prob- 
able error  derived  from  successive  settings  ±  0".08.  In  three  cases  only  did  succes- 
sive settings  differ  more  than  half  a  second,  and  these  gave  the  values.  1".0,  0".7  and 
0".6. 

The  results  of  the  first  measures  of  the  position  of  the  Nova,  as  derived  from  the 
six  images  of  Plate  C  11827,  and  expressed  in  seconds  of  arc,  differ  from  their  mean 
in  X  by  +0".02,  — 0".08,  — 0'^38,  +  0".09,  +  0".27,  and  +0".07,  and  in  y  by  -0".48, 
—  0".32,  +0".18,  +  0".36,  — 0".08,  and  +  0".26.  The  second  measures  similarly  gave 
in  .T,  —  0".28,  +0".03,  -0".04,  +0".06,  +0".35,  and  —  0".09,  and  in  ?/,  -  0".4;5, 
+  0".03,  +0".12,  +0".19,  —  0".08,  and  +0".14.  A  part  of  these  differences  is  real 
and  is  perhaps  due  to  a  change  in  orientation  of  the  plate  when  it  was  moved. 
Thus,  the  largest  value,  —  0".48,  has  nearly  the  same  value,  —  0".4o,  in  the  second 
measure.  The  designations  of  the  five  comparison  stars,  their  assumed  right  assen- 
sions  and  declinations  for  1890,  and  their  residuals  in  x  and  in  y,  as  derived  from 
the  two  measures  of  the  two  plates,  are  given  below. 
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DM. 

K.A.  1890. 

Dec.  18Q0. 

X 

'J 

-13  5183 

h      m        s 

18  54  58.19 

-13     8  36.4 

+  0.1  +0.2  -0.1  -0.3 

II         II          II         II 
+  0.4  +0.3  +0.2  +0.2 

-13  5185 

18  55     1.90 

-13  28  31.1 

+  0.2  -0.1  +0.5  -0.1 

_1..5  -1.2  -0.6  -0.6 

-13  5194 

18  56     1.58 

-13  24  37.6 

-0.3  +0.3  +1.1  +1.3 

+  3.2  +2.7  +1.6  +1.6 

-13  5197 

18  56  26.58 

-13  19     8.0 

_1.8  -1.8  -2.0  -1.8 

_1.4  -1.1  -1.4  -1.3 

-13  5200 

18  56  41.60 

-13  19  25.1 

+  1.7  +1.4  +0.4  +0.7 

_0.7  -0.5  +0.3  +0.2 

September  23,  1899. 


EDWAED    C.  PICKERING. 


Harvard   College    Observatory. 
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MME.   CERASKI'S   SECOND   ALGOL  VARLIBLE. 

Another  remarkable  variable  star  of  the  Algol  class  has  been  discovered  by 
Mine.  Ceraski,  and  is  announced  in  the  Astron.  Nacli.  151,  223.  The  position  for 
1900  is  R.  A.  =  19"  42"'.7,  Dec.  =  +  32°  28'.  From  an  examination  of  the  Draper 
Memorial  photographs  of  this  star,  it  appears  that  while  the  star  has  its  full  brightness 
on  45  of  them,  on  several  of  the  early  photographs  it  is  so  faint  that  they  must  have 
been  taken  when  the  star  was  near  minimum.  The  Moscow  photographs  furnish  the 
means  of  determining  the  period  from  an  interval  of  four  years,  the  Harvard  photo- 
graphs increase  this  interval  to  nine  years.  The  following  talkie  gives,  in  the  first 
seven  lines,  the  results  deiuved  fi'om  the  Harvard  photographs;  the  next  four,  the 
results  of  the  Moscow  photographs ;  and  the  last  line  gives  the  estimate  of  M.  Blajko. 
The  times  of  minima  as  found  by  Professor  Ceraski  may  he  expressed  bj"  the  formula 
J.  D.  2,115,001.971  +  6".0065  E.  Measures  of  four  Harvard  jjliotographs  when  the 
star  had  its  full  brightness  gave  the  photographic  magnitudes,  11.00,  10.80,  10.74, 
and  10.79;  mean  10.83.  The  value  of  E,  derived  from  the  above  formula;  the  year, 
month,  and  day ;  the  Greenwich  Mean  Time  of  the  middle  of  the  exposure ;  the 
coi-responding  time  expressed  in  Julian  Days  and  decimals ;  and  the  duration  of  the 
exposure  in  minutes  are  given  in  the  first  five  columns  of  the  taljle.  The  sixth 
column  gives  the  photographic  magnitude,  and  the  seventh,  the  phase  computed  by 
means  of  the  formula  mentioned  above.  The  error  in  the  ephemeris  is  given  in 
the  eighth  column,  and  is  derived  from  an  approximate  light  curve.  It  appears  that 
the  period  is  too  long  by  al)out  0'".6,  and  if  this  correction  is  applied,  the  errors 
have  the  values  given  in  the  ninth  column.  The  tenth  column  gives  the  mean 
photographic  magnitude,  during  the  entire  time  of  exposure,  derived  from  the  cor- 
rected ephemeris  and  light  curve. 
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E. 

Date. 

G.  M.  T. 

J.D. 

Ex. 

M.lgll. 

Phase. 

o-c. 

o-c. 

C.  M. 

y 

7rt 

d 

ft 

m 

m 

-580 

1890 

6 

o 

16 

32 

1521.689 

27 

11.81 

+  .488 

+  .25 

+  .01 

11.7 

-570 

1890 

8 

1 

14 

20 

1581.597 

13 

12.75 

+  .331 

+  .24 

+  .02 

12.7 

-570 

1890 

8 

1 

14 

57 

1581.623 

20 

12.22 

+  .357 

+  .16 

-.06 

12.5 

—  557 

1890 

10 

8 

11 

53 

1659.495 

10 

<12.4 

+  .145 

12.8 

-508 

1891 

8 

8 

16 

07 

1958.672 

20 

<11.7 

+  .003 

12.1 

-443 

1892 

9 

2 

14 

44 

2344.614 

16 

10.96 

+  .522 

+  .18 

.00 

11.0 

-325  . 

1894 

8 

11 

15 

07 

8052.630 

10 

10.90 

-.228 

+  .18 

-.01 

10.9 

-257 

1895 

9 

24 

10 

11 

3461.424 

102 

<12 

+  .124 

12.9 

-254 

1895 

10 

12 

6 

45 

3479.281 

300 

<12 

-.039 

12.5 

-  97 

1898 

5 

12 

10 

12 

4422.425 

105 

<12 

+  .085 

12.9 

-  84 

1898 

7 

29 

10 

22 

4500.432 

125 

<12 

+  .008 

12.9 

-  0 

1899 

12 

16 

8 

33 

5005.106 

125 

Ft. 

+  .135 

12.5 

It  appear.'^  from  this  table  that  wliile  the  formula  of  Professor  Ceraski  satisfies 
all  the  later  observations,  it  is  not  confirmed  by  the  early  observations.  For 
instance,  according  to  this  formula  the  star  should  have  had  nearly  its  full  Ijrightness 
on  the  first  three  photographs.  On  the  other  hand,  all  the  observations  are  satisfied 
by  the  corrected  formula,  in  which  the  period  is  C  O''  8™. 8.  As  soon  as  we  obtain 
accurate  obsei'vations  of  suljsequent  minima,  these  combined  with  the  photographs 
taken  in  1890,  will  give  a  much  more  precise  formula.  A  comparison  of  the  sixth  and 
tenth  columns  shows  that  the  observed  and  computed  magnitudes  differ  in  one  case 
only  by  more  than  one  tenth.  A  slight  defect  partially  covers  the  image  of  the  vari- 
able on  the  second  plate  taken  August  1,  1890,  and  thus  renders  the  measured  value 
too  bright.  The  period  differs  so  little  from  exactly  G  days  that  for  a  long  time  the 
minima  cannot  be  observed  in  certain  longitudes.  Accordingly,  while  valuable 
observations  ma}-  be  obtained  next  autumn  in  Europe,  or  better  still  in  Asia,  minima 
cannot  l)e  observed  in  America  until  the  following  year. 

Five  stars  of  the  Algol  class,  S  Cancri,  U  Cephei,  W  Delphini,  +4:5°3062,  and 
the  star  here  discussed  are  especially  interesting,  owing  to  the  large  variation  in 
their  light,  which  amounts  to  about  two  magnitudes  in  each  case.  It  is  remarkable 
that  two  of  these  were  found  by  Mme.  Ceraski,  and  one  by  her  distinguished 
husband. 


February  12,  1900. 


EDWARD   C.  PICKERING. 


Harvard   College   Observatory. 
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A   photographic    search    for   an   INTERMERCURLIL   PLANET. 

It  has  not  been,  iu  general,  the  policy  of  the  Harvard  College  Observatory  to 
send  expeditions  to  observe  total  eclipses  of  the  Sun.  First,  since  in  case  of  cloudy 
weather,  no  return  is  obtained  for  the  expenditure  of  a  sum  of  money  which  is  often 
large.  Secondly,  if  clear,  the  results  in  many  cases  are  only  a  series  of  pictures  of 
the  corona  and  protuberances  which  add  but  little  to  our  knowledge  of  them.  There- 
fore, when  officers  of  this  Observatory  have  observed  eclipses,  it  has  generally  been 
largely  at  their  own  expense.  When,  however,  a  new  problem  presents  itself  some 
aid  is  rendered  from  the  funds  of  the  Observatory,  in  the  construction  of  instruments 
and  for  similar  expenses.  The  following  plan  for  observing  the  Eclipse  of  May  28, 
1900,  has  been  prepared  by  Professor  W.  H.  Pickering:  — 

It  is  a  fact  capaljle  of  demonstration,  that  the  faintness  of  a  star  that  may  be 
photographed  mth  a  given  instrument,  against  a  bright  background  of  sky  depends, 
within  certain  limits,  directly  on  the  length  of  the  focus  of  the  lens,  and  is  indepen- 
dent of  its  aperture. 

In  the  Harvard  Observatory  Annals,  Volume  XVIII,  p.  104,  it  was  shown  that 
if  the  place  in  whicli  to  look  for  the  pole  star  is  known,  that  three  minutes  after  it 
first  becomes  visible  to  the  naked  eye  in  the  evening,  the  light  of  the  sky  in  its  imme- 
diate vicinity  is  of  about  the  same  photograpliic  intensity  as  that  of  the  sky  surround- 
ing the  Sun  at  the  time  of  a  total  solar  eclipse. 

Starting  with  these  two  fundamental  facts,  a  series  of  experiments  has  been 
undertaken  with  a  photographic  lens  having  an  aperture  of  3  inches,  and  a  focal 
length  of  11  feet  4  inches.  The  curves  adopted  were  those  employed  in  an  ordi- 
nary landscape  lens,  and  it  was  found  that  the  field  was  large  enough  to  cover  nine 
8X10  photographic  plates  arranged  in  three  rows  of  three  each.  This  result  Avas 
only  obtained,  howevei',  by  attaching  the  plates  to  the  intei'ior  of  a  concave  surface 
of  double  curvature,  and  thus  obtaining  a  curved  field. 

By  giving  an  exposure  of  one  minute  in  the  region  of  the  j^ole,  with  this  instru- 
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ment.  three  minutes!  after  the  pole  star  first  became  visible,  it  was  fomid  that  the 
liirht  of  the  sky  was  suttieient  to  darken  the  plate  appreciably,  but  not  so  much  as 
to  prevent  stars  of  the  eighth  magnitude  appearing  with  sufficient  intensity  to  be 
found  by  a  careful  search,  in  the  larger  part  of  the  field  of  view. 

Three  similar  lenses  have  now  been  ordered,  and  the  four  will  be  placed  upon 
oile  mounting,  in  such  a  manner  as  to  photograph  a  region  extending  for  sixteen 
deo-rees  on  either  side  of  the  Sun,  and  having  a  breadth  of  ten  degrees  throughout 
its  leno-th.  Throughout  nineteen  degrees  of  its  length  every  portion  of  the  region 
will  aj)pear  u]ion  two  separate  plates. 

The  satellites  of  Mars.  Jupiter,  and  Saturn  all  revolve  very  nearly  in  the  ecjua- 
torial  planes  of  their  primaries,  and  in  the  same  manner  Mercury  revolves  very 
nearlv  in  the  equatorial  plane  of  the  Sun,  which  is  inclined  about  seven  degrees  to 
the  plane  of  the  ecliptic.  It  is,  therefore,  reasonable  to  suppose  that  bodies  still 
nearer  to  the  Sun  would  revolve  in  the  same  jolane.  It  so  happens  that  the  Eai-th 
passes  through  this  plane  about  one  week  after  the  date  of  the  solar  eclipse  of  next 
.Ma\-.  so  that  there  is  a  strong  probability  that  if  an  iutermercurial  planet  exists,  it 
will  appear  somewhere  upon  the  narrow  line  forming  the  projection  of  this  plane 
upon  the  celestial  sphere.  It  will  be  seen,  therefore,  that  the  date  of  this  echpse 
is  especially  favorable  for  the  proposed  search. 

We  have  very  good  evidence,  from  the  visual  observations  hitherto  made,  that  no 
iutermercurial  planet  brighter  than  the  third  or  fourth  magnitude  exists.  We  possess 
no  evidence -whatever  for  or  against  the  existence  of  fainter  bodies  in  this  region 
having  sufficient  size  to  be  properly  called  planets.  We  are  reasonably  certain  that  the 
immediate  vicinity  of  the  Sun  is  filled  with  countless  bodies  of  such  size  as  to  be 
properly  described  as  meteors. 

If  we  assume  that  at  its  average  brightness,  Mercury  is  of  the  first  magnitude, 
and  that  the  albedo  of  an  iutermercurial  planet  is  the  same  as  that  of  Mercury,  we 
shall  find  that  at  the  distance  of  Mercury  from  the  Sun,  a  body  of  the  eighth  magni- 
tude woidd  be  120  miles  in  diameter.  If  its  distance  from  the  Sun  Avas  but  one  half 
as  great,  its  diameter  would  be  60  miles,  and  if  but  one  quarter  as  great,  or 
9,000,000  miles,  it  would  be  30  miles  in  diameter.  Judging  by  the  analogous  case  of 
Jupiter,  the  existence  of  such  a  small  planet  is  quite  possible. 

Should  such  a  body  exist,  and  should  it  appear  upon  the  plates,  which  it  is 
proposed  to  expose  somewhere  in  the  State  of  Alabama,  we  should  still  be  entirely  at 
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a  loss  to  compute  the  orbit,  or  to  determine  the  distance  of  the  body  from  the  Sun. 
If,  however,  otlier  photographs  of  it  sliould  Ije  obtained  with  a  similar  apparatus,  in 
Spain  or  Algeria,  we  should  then  be  enabled  to  compute  an  approximate  orbit,  based 
on  the  assumption  that  it  moved  in  a  circular  path.  It  might  then  be  foimd  again  at 
the  following  eclipse,  which  occurs  a  year  later,  and  a  more  accurate  elliptical  orbit 
could  be  computed  for  it.  ^Yllile  it  is  desirable  that  tlie  duplicate  apparatus  should 
also  be  furnished  with  four  lenses,  this  is  not  necessary,  and  in  case  the  planet  should 
be  found  upon  our  plates,  two  lenses,  one  photographing  the  region  on  each  side  of 
the  Sun,  Avould  be  all  that  would  be  necessary  to  independently  make  the  discover}^, 
and  furnish  the  elements  necessary  to  compute  the  circular  orbit.  It  is  in  the  hope 
of  inducing  some  European  observer  to  supply  himself  with  this  apparatus,  that  the 
present  article  has  been  written. 

The  foregoing  plan  appears  to  be  of  sufficient  importance  to  justify  aid  from  the 
Observatory.  Preparations  have,  therefore,  been  made  to  give  it  a  careful  trial.  It 
is  hoped  that  this  early  publication  may  permit  similar  observations  to  be  made  at  a 
second  station  sufficiently  distant  to  reduce  the  danger  of  failure  from  clouds,  and  if 
an  intermercurial  planet  should  be  found,  to  furnish  an  approximate  determination  of 
the  fonn  of  its  orbit. 

EDAVARD   C.  PICKEEIXG. 

Februarv  13.  1900. 


Haka^akd   College    Obsekyatory. 

,&1 
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OPPOSITION   OF    EROS  IN   1900. 

The  opposition  of  Eros  during  next  autumn  will  afford  opportunities  for  observa- 
tions of  especial  interest.  The  near  approach  of  the  planet  to  the  Earth  will  permit 
the  solar  parallax  to  be  determined,  while  the  great  variations  in  phase  and  distance 
will  give  unusual  value  to  photometric  observations  obtained  at  this  time.  The 
ephemeris  of  Dr.  MilloseAach,  published  in  the  Berlin  Jahrbuch  for  1902,  provides 
the  means  for  discussing  the  measures  of  position  of  Eros.  The  annexed  table,  wliich 
is  based  on  this  ephemeris,  furnishes  a  part  of  the  material  required  for  the  investigar 
tions  mentioned  above.  The  date  is  given  in  the  first  column.  The  right  ascension 
and  declination  for  1855,  for  Berlin  midnight,  are  given  in  the  second  and  third 
columns.  Tliis  epoch  is  selected  for  convenience  in  identifjdng  Eros  by  comparison 
with  the  stars  in  the  Durchmusterung.  The  daily  motions  in  right  ascension, 
expressed  in  seconds  of  time,  and  in  minutes  of  arc  when  reduced  to  the  equator,  are 
given  in  the  fourth  and  fifth  columns.  The  daih*  motion  in  decUnation,  and  the 
total  motion  expressed  in  minutes  of  arc,  are  given  in  the  sixth  and  seventh  columns. 
These  quantities  are  important  in  planning  observations  for  parallax,  especially  those 
made  photographically.  The  logarithm  of  the  distance  from  the  Sun  has  been  kindl}'^ 
furnished  by  Dr.  Millosevich  and  is  given  in  the  eighth  column.  The  logarithm  of 
the  distance  from  the  Earth  is  given  in  the  ninth  column.  From  this  it  appears  that 
its  distance  when  nearest  the  Earth  is  less  than  a  third  of  that  of  the  Sun  from  the 
Earth.  This  minimum  occurs  on  December  26,  nearly  two  months  after  opposition, 
which  takes  place  on  October  30.  The  phase  angle  between  the  Sun  and  Earth,  as 
seen  from  Ercs,  is  given  in  the  tenth  column.  There  are  few  asteroids  for  which 
this  angle  mvich  exceeds  30°.  In  the  table,  beginning  with  the  value  37°.o  it  gradu- 
ally diminishes  to  28°.3  at  about  the  time  of  opposition,  and  then  gradually  increases, 
until  on  January  31,  it  attains  the  extraordinary  value  of  56°. 1,  becoming  even 
greater  later.  The  photometric  magnitude,  neglecting  the  phase  and  assuming  that 
the  light  is  inversely  proportional  to  the  squares  of  the  distances  of  the  Earth  and 
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the  Sun,  is  <i-ivon  in  the  eleventh  cohnun.  It  is  leased  on  the  measures  described 
in  H.  C.  0.  Circuhir  No.  34,  from  which  it  appears  that  the  magnitude  would 
be  11.30  at  a  distance  of  unity  from  the  Sun  and  Earth,  and  that  the  photographic 
mao-nitude  is  0.6  fainter  than  the  photometric.  It  will  be  noticed  that  these  last 
values  are  nearl}^  0.8  fainter  than  those  given  by  Dr.  Millosevich,  who  based  his 
magnitudes  on  ^•isual  observations.  As  the  magnitude  9.5  in  the  Durchmusterung  is 
about  10.5  on  the  photometric  scale,  this  difference  is  readily  explained.  The  differ- 
ence becomes  still  greater  if  we  apply  a  correction  for  phase.  This  correction,  in  the 
case  of  the  asteroids,  is  about  0.03  ^J,  in  which  j9  is  the  phase  angle.  If  we  assume  that 
this  law  can  be  applied  to  Eros  for  angles  as  great  as  56°  we  obtain  the  corrected 
magnitudes  given  in  the  twelfth  column.  The  phase  angle  in  the  observations 
described  in  Circular  No.  34  is  21°. 2.  The  magnitude  at  distance  unity,  therefore. 
becomes  11.39  —  0.64  =  10.75.  The  approximate  mean  time  of  meridian  transit  is 
ffiveu  in  the  thirteenth  column,  and  the  aberration  time  in  the  fourteenth. 


EPHEMERIS    OF   EKOS. 


Daily  Motion. 

Date. 
1900-'01. 

K.  A. 
1855. 

Dec. 

1855. 

logr. 

log  A. 

Pliase. 

Magn. 

C.Magn. 

M.  Ti-. 

Aberr. 

R.A. 

R.A. 

Dec. 

Tot. 

Sept.  1 

h      m 
2  18.9 

+  33  27 

+  7^0 

+  15 

+22 

25 

0.1830 

9.9088 

37.5 

11.85 

12.33 

h     m 
15  39 

s 
404 

^  9 

27.5 

+  36  25 

+  60 

+  12 

+  22 

25 

.1761 

.8692 

36.6 

11.62 

12.08 

15  16 

369 

17 

34.6 

+  39  26 

+  45 

+  9 

+  23 

25 

.1688 

.8-i«5 

35.4 

11.38 

11.80 

14  52 

336 

25 

39.2 

+  42  29 

+  25 

+  5 

+23 

24 

.1613 

.7871 

34.0 

11.13 

11.51 

14  25 

305 

Oct.  8 

40.8 

+  45  30 

-  1 

0 

+  22 

22 

.1535 

.7456 

32.5 

10.89 

11.23 

13  55 

278 

11 

38.7 

+48  20 

-  32 

-  5 

+  20 

21 

.1455 

.7048 

31.0 

10.64 

10.93 

13  21 

253 

19 

32.0 

+  50  52 

-  68 

-11 

+  17 

20 

.1374 

.6654 

29.6 

10.40 

10.65 

12  43 

231 

27 

20.6 

+  52  49 

-101 

-15  1  +  12 

19 

.1291 

.6286 

28.6 

10.18 

10.40 

12  0 

212 

Nov.  4 

6.7 

+  53  55 

-121 

-18  ,+  5 

19 

.1207 

.5954 

28.3 

9.97 

10.18 

11  14 

196 

12 

1  49.3 

+  54  0 

-120 

-18  -  3 

18 

.1124 

.5666 

29.1 

9.79 

10.02 

10  26 

184 

20 

35.0 

+  53  0 

-  92 

-14|-11 

18 

.1041 

.5430 

30.9 

9.63 

9.92 

9  40 

174 

28 

2.5.8 

+  51  2 

-  45 

—  7 

-18 

19 

.0961 

.5248 

33.6 

9.49 

9.86 

8  59 

167 

Dec.  6 

23.5 

+48  22 

+  9 

+  2 

-22 

22 

.0884 

.5117 

36.8 

9.39 

9.85 

8  25 

162 

14 

28.2 

+  45  16 

+  60 

+  11 

-24 

26 

.0812 

.5033 

40.2 

9.31 

,  9.88 

7  58 

159 

22 

39.3 

+  41  56 

+  106 

+20 

-26 

33 

.0746 

.4994 

43.7 

9.26 

9.93 

7  38 

157 

30 

56.0 

+  38  31 

+  143 

+  28 

-26 

38 

.0686 

.4994 

47.0 

9.23 

10.00 

7  23 

158 

Jan.  7 

2  17.1 

+  35  7 

+  172 

+  35 

-26 

44 

.0636 

.502y 

49.8 

9.22 

10.07 

7  13 

159 

15 

41.6 

+  3143 

+  194 

+41 

-25 

48 

.0595 

.5101 

52.2 

9.24 

10.17 

7  6 

161 

23 

3  8.6 

+  28  23 

+210 

+46 

-25 

52 

.0566 

.5210 

54.3 

9.28 

10.27 

7  1 

165 

31 

37.3 

+  25  7 

+219 

+  50 

-24|  55 

.0548 

.53.53 

56.1 

9.34 

10.38 

6  58 

171 
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As  an  example  of  the  use  of  tliis  table  let  us  consider  the  most  favorable  con- 
ditions for  determining  the  solar  parallax.  It  soon  appears  that  this  problem  is  by 
no  means  a  simple  one.  If  we  select  the  end  of  December,  when  Eros  is  nearest  the 
Earth,  we  find  that  meridian  transit  occurs  so  early  in  the  evening  that  Eros  cannot 
be  photographed  far  east  of  the  meridian.  Moreover,  the  motion  both  in  right  ascen- 
sion and  declination  is  so  great  that  if  the  telescope  is  made  to  follow  the  stars,  Eros 
will  trail  so  rapidly  over  the  plate  that  it  may  not  leave  any  impression  on  it.  If  the 
total  diurnal  motion  is  2-1',  the  motion  will  be  1"  a  minute.  If,  then,  the  diameter  of 
the  image  is  2",  Eros  cannot  be  photographed,  unless  an  exposure  of  two  minutes  is 
sufficient.  In  such  a  case  it  may  be  necessary  to  make  the  telescope  follow  on  Eros 
and  not  on  a  star.  All  the  stars  will  then  appear  as  short  trails  which  are  easily 
bisected.  If  the  motion  of  Eros  is  lai'ge,  its  position  with  relation  to  the  comparison 
stars  will  diifer  greatly  when  east  and  when  west  of  the  meridian.  Moreover,  it  will 
be  necessary  to  measure  the  total  motion  and  after  subtracting  the  large  motion  of 
Eros  determine  the  small  remaining  parallax.  During  the  latter  part  of  January, 
Eros  culminates  at  nearly  the  same  time  on  successive  nights  and  will  thus  be  favor- 
abl}'  situated  for  observations  west  of  the  meridian  for  several  weeks.  The  path  of 
Eros  has  a  loop  extending  over  about  13°  in  right  ascension  and  20°  in  declination, 
and  with  a  centre  at  about  R.  A.  2''  5"^,  Dec.  +  51°.  The  point  of  crossing  is  at 
R.  A.  2"  21"\9,  Dec.+  34°25'  (1855).  It  is,  therefore,  not  far  from  the  stars 
+  34:°447,  magn.  9.3,  and  +31°448,  magu.  8.0.  Eros  will  pass  through  the  point  of 
crossing  on  September  3,  1900,  and  again  on  Januar}-  8,  1901.  Photometric  obser- 
vations, if  made  on  these  dates,  will  have  especial  value,  since  the  same  comparison 
stars  can  be  used  for  both. 

A  photograph  of  Eros  Avas  obtained  on  September  6,  1898,  Avith  the  11  inch 
Draper  telescope,  whose  focal  length  is  153  inches.  Stars  of  the  ninth  magnitude 
are  readily  photographed  with  this  instrument  in  5  seconds.  The  exposure  was  10 
minutes,  the  daily  motion  18',  and  the  computed  magnitude  12.1.  Allowing  for 
the  difference  in  motion  it  would  be  equally  difficult  to  photograph  Eros  on  this  date 
and  on  September  IT,  1900. 

EDWARD   C.    PICKERING. 
February  14,  1900. 


Hakvard  College  Observatory. 
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MEASUREMENT   OF   PHOTOGRAPHIC   INTENSITIES. 

The  comparison  of  various  celestial  and  terrestrial  sources  of  light  has  for  many 
years  been  a  subject  for  investigation  by  the  officers  of  this  Observatory.  One  of 
the  first  comijarisons  of  the  light  of  the  Sun  and  Moon  was  made  by  Professor  George 
P.  Bond  in  1861  (Mem.  Amer.  Acad.  VIII,  N.  S.,  p.  298).  Comparisons  of  the  light 
of  the  solar  corona,  of  the  Moon,  and  of  twilight,  with  a  standard  candle  were  made  by 
the  writer  in  1870.  A  comparison  of  various  artificial  lights  was  made  by  Professor 
W.  H.  Pickering,  as  his  graduating  thesis  in  1879  (Proc.  Amer.  Acad.  XV,  236). 
Since  1887,  all  the  photographs  obtained  with  the  principal  instruments  of  this  Obser- 
vatory have  had  an  image  of  a  standard  light  photographed  on  them  for  purposes  of 
comparison.  In  1887,  when  Mr.  W.  H.  Pickering  was  placed  in  charge  of  the 
Boyden  Department,  an  important  part  of  his  work  was  a  quantitative  determina- 
tion of  photographic  intensities.  This  investigation  was  completed  in  1891,  and 
the  results  are  published  in  the  Annals,  Volume  XXXII,  Chapter  I.  The  relative 
brightness  of  10,498  stars,  for  the  wave  length  430,  was  determined  by  Mrs.  Fleming 
and  was  published  in  1890  in  the  Draper  Catalogue  (Annals,  Volumes  XXVI  and 
XXVII).  An  independent  determination  of  the  total  photographic  brightness  of  the 
stars  was  undertaken  in  1896  by  photogi-aphing  stars  ovit  of  focus.  As  none  of  these 
investigations  served  to  determine  certain  constants,  which  seemed  to  the  writer 
to  be  important,  a  more  extensive  investigation  was  assigned  to  Mr.  Edward  S. 
King,  under  whose  direction  the  photographs  are  taken  at  Cambridge.  Tliis  work 
has  been  modified  and  extended  by  Mr.  King,  so  that  it  now  includes  the  following- 
researches,  which  he  describes  below  :  — 

In  1896,  a  monthly  test  of  plates  was  inaugurated,  which  was  of  a  routine  char- 
acter. A  complete  determination,  not  only  of  the  sensitiveness  of  the  emulsion,  but 
of  the  constancy  of  the  light  and  of  the  developer  employed,  is  obtained  by  the  expen- 
diture of  one  8  X 10  plate  per  month  (Photogram,  VI,  261) .  The  means  of  the  results 
of  these  tests,  extending  over  a  long  period  of  time  and  necessarily  subject  to  all 
the  accidental  errors  due  to  season  or  other  factors,  will  probably  show  the  effect  of 
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the  aire  of  the  phUe  on  its  sensitiveness,  whether  the  image  is  affected  I)}-  the  interval 
between  the  exposure  and  the  development,  and  other  facts  of  shnilar  interest. 

About  the  same  time  with  the  above,  the  Director  suggested  that  an  extensive 
investigation  be  undertaken  of  the  photographic  measurement  of  various  sources  of 
lio-ht.  The  work  was  to  be  systematized  into  a  routine,  which  should  occupy  the 
least  time  in  making  the  observations.  By  extending  the  period  over  years  and  by 
performing  each  experiment  under  the  most  diverse  circumstances,  the  final  results 
should  be  of  great  accuracy.  Preliminary  to  this  work,  an  apparatus  was  con- 
structed for  making  photographic  wedges  in  which  equal  intervals  of  the  scale  cor- 
responded to  ecjual  differences  in  stellar  magnitude.  The  general  design  was  the 
same  as  that  described  in  the  Annals,  Volume  XXVI,  6,  except  that  the  triangular 
aperture  was  i-ej)laced  by  an  aperture  bounded  by  a  logarithmic  curve.  The  part  of  the 
curve  extending  to  minus  infinity,  Ijut  enclosing  a  finite  area,  is  represented  by  admit- 
ting light  tliroiigli  an  additional  aperture  of  equivalent  area.  This  apparatus,  having  a 
range  in  aperture  of  five  magnitudes,  is  useful  for  measuring  the  intensity  of  surfaces 
directly,  or  of  bright  objects,  when  the  aperture  is  covered  Avith  porcelain.  It  is  also 
of  value  in  comparing  the  sensitiveness  of  plates,  and  for  studying  the  relation  of  the 
darkening  of  the  film  to  the  exposure,  and  to  the  intensity  of  the  light. 

The  oljject  of  this  investigation  is  to  determine  the  photographic  intensity  of 
various  sources  of  light  ujion  a  uniform  scale.  This  scale  will  be  that  of  tlie  Meridian 
Photometer,  in  which  a  Ursae  Minoris  has  the  magnitude  of  2.15,  and  one  unit  corre- 
sponds to  the  ratio  of  2.518,  Avhose  logarithm  is  0.400.  Luminous  points  may  be 
compared  directl\-  with  stars.  In  the  case  of  surfaces,  the  light  emitted  by  a  circle 
liaving  a  diameter  of  one  minute  of  arc  is  employed.  In  general,  different  portions 
of  the  same  photographic  plate  are  exposed  for  a  given  time  to  the  sources  of  light 
to  be  compared,  and  the  darkening  measm-ed  with  a  photograpliic  wedge. 

Observations  of  surfaces  will  include,  intensity  of  the  sky  at  different  distances 
from  the  Sun;  the  sky  in  the  zenith  during  twilight,  on  clear  and  cloudy  days,  on  dark 
and  moonlight  nights ;  comparisons  of  Ijlue  sky  with  cumulus  cloud  ;  intensity  of 
Milky  Way,  Aurora,  and  Zodiacal  Light.  For  this  purpose  pinhole  cameras  are  used 
with  A'arious  apertures.  For  verj'  faint  lights,  apertures  subtending  an  angle  of  60° 
or  more  are  used.  When  possible,  automatic  devices  are  employed,  both  to  make  the 
exposure  and  to  shift  the  plate. 

For  measuring  luminous  points,  the  light  concentrated  by  a  lens  illuminates  the 
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plate  placed  at  various  distances  from  the  focus.  In  this  manner,  bright  stars,  the 
planets,  and  the  Moon  at  different  phases  and  altitudes,  may  be  compared  with  a  Ursae 
Miuoris  or  an  artificial  light  placed  at  a  distance.  It  is  also  necessary  to  determine 
the  effect  of  an^y  slight  fogging  before,  after,  or  during  the  principal  exposure.  The 
total  and  local  absorption  of  the  lens  will  also  be  measured.  The  same  objects 
are  also  compared  directly  b}^  pinhole  cameras.  In  using  a  pinhole  camera  to  measure 
points  differing  greatly  in  brightness  the  duration  of  the  exposure  must  be  varied. 
This  necessitates  a  study  of  the  darkening  of  the  plate  with  relation  to  time.  The 
comparison  is  made,  in  all  cases,  with  a  Ught,  producing  an  equal  darkening  in 
the  same  time.  Another  factor  may  be  inti-oduced  by  inclining  the  plate.  An  angle 
of  60°  is  equal  to  a  chminution  of  one  half,  or  about  three  quarters  of  a  magnitude. 
The  exact  amount  corresponding  to  the  inclination  used,  must  be  determined  by 
experiment. 

The  determination  of  the  Ught  of  the  Sun  is  a  difldcult  problem.  The  light  may 
be  reduced  by  a  distant  lens  of  short  focus,  and  compared  Avith  the  standard  light 
similarly  reduced,  but  at  less  distance.  Another  way  is  by  a  combination  of  lenses 
like  a  telescope,  wliich  enlarges  or  reduces  objects,  as  we  look  through  one  end  or  the 
other.  The  absorption  of  the  instrument  is  thus  eliminated.  Two  plates  of  glass, 
placed  so  as  to  give  multiple  reflections,  will  also  afford  a  wide  range  of  exposure,  as 
well  as  a  means  of  comparing  lights  of  great  difference  in  intensity.  Pinhole  cameras 
having  the  aperture  covered  with  a  porcelain  plate  can  be  constructed  so  as  to  give  a 
range  of  lo  to  20  magnitudes,  which  is  sufficient  for  comparing  the  Sun  and  the 
Moon.  A  second  pinhole  camera  placed  in  front  will  cut  off'  the  light  of  the  sky  from 
the  aperture.  The  absorption  and  the  ditt'u.sing  power  of  the  porcelain  plate  must  be 
measured  independently.  In  all  the  preceding  plans  the  sensitiveness  of  the  plates  to 
different  colors  affects  the  results.  By  combining  a  sUt  spectroscope  \Aath  the  cameras 
just  described,  a  comparison  of  the  light  of  the  Sun  and  the  Moon  may  be  made  in 
different  parts  of  the  spectrum,  corresponding  to  given  wave  lengths. 

The  comparison  of  the  spectrum  of  the  various  sources  of  light  possesses  many 
advantages.  The  work  is  placed  on  such  a  basis  that  the  results  are  freed  fi-om  the 
troublesome  questions  of  absorption,  sensitiveness  of  the  plate,  etc.,  and  are  rendered 
directly  comjjarable  with  those  that  may  be  obtained  at  different  times,  by  other 
observers,  under  widely  dift'ering  circumstances.  In  fact,  the  results  should  be  the 
same  as  those  obtained  b}-  the  eye,  the  bolometer,  or  in  any  other  manner  that  may 
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be  devisetl.  M\  these  measures  may  be  made  either  with  a  telescope  and  objective 
prism,  or  with  a  sHt  spectroscope  combined  with  a  pinhole  camera  or  telescope.  With 
the  objective  prism  the  spectra  are  made  of  the  same  width,  either  by  interposing  a 
cvlindrical  lens,  by  moving  the  plate  at  the  same  equable  rate  for  each  exposure,  or 
by  throwing  the  image  out  of  focus.  In  the  latter  case,  a  rectangular  aperture 
should  be  placed  over  the  prism,  so  as  to  give  width  with  a  minimum  loss  of  definition. 
With  the  moving  plate,  a  variation  of  light  is  obtained  by  covering  one  half  of  the 
prism  at  a  time,  along  a  line  perpendicular  to  its  edge. 

The  standard  light  used  is  an  ordinary  Argand  gas  burner  sliining  through  a 
small  hole.  The  star  a  Ursae  Minoris  is  made  the  ultimate  standard  to  which  all 
work  is  referred,  since  the  standard  light  is  compared  with  it  before  and  after  each 
monthly  test  of  the  plates.  In  addition  to  the  wedges  for  measuring  the  density  of 
photograjjhic  jjlates  a  polarizing  photometer  is  used  for  comparing  surfaces  with  each 
other. 

Early  in  1900,  while  this  w^ork  was  in  progress,  Mr.  W.  H.  Pickering,  in  prepar- 
ing to  observe  the  Solar  Eclipse  of  Maj^  28,  de.sii'ed  to  select  a  suitable  plate  and 
developer  for  the  work,  and  accordingly  undertook  the  following  investigation,  which 
he  describes  below  :  — 

A  suitable  standard  of  light  has  long  been  wanted  in  photography.  Artifi- 
cial sources  usually  give  even  more  uncertain  results  photographically  than  they  do 
visuall}',  because  a  sUght  variation  in  temperature  mil  eifect  the  blue  end  of  the 
spectrum  even  more  than  the  red  end.  In  1893  it  occurred  to  the  writer  to  employ 
as  a  primary  standard  of  actinic  intensity  the  radiation  of  a  star  shining  directly  upon 
the  photographic  plate,  without  previously  passing  through  or  being  reflected  from 
any  medium,  e.xcept  our  atmosphere.  Since  this  standard  is  too  faint  for  general 
use,  a  secondary  one  to  be  standardized  from  it  has  l^een  devised.  The  light  from 
the  star  is  condensed  through  a  simple  plano-convex  lens  of  8.2  cm.  aperture  and 
short  focus,  and  is  focused  on  a  small  circle  of  ground  glass  0.5  cm.  in  diameter. 
This  is  placed  3  cm.  in  front  of  the  sensitive  plate,  which  is  exposed  to  it  through  a 
smaU  square  ajjerture  measuring  0.2  cm.  on  a  side,  cut  in  a  blackened  brass  plate. 
The  constant  of  this  instrument  was  determined,  and  it  was  found  to  give  about 
thirty  times  the  light  of  the  direct  radiation  of  a  star  upon  the  photographic  plate. 
With  twenty  minutes  exposure  a  Ursae  Minoris  darkened  the  plate  sufficiently  to 
produce  the  "  Sensitive  Tint,"  that  is  to  say  the  tint  where  a  small  variation  in  the 
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light  is  most  noticeable.  The  secoudaiy  standard,  however,  is  not  sufficiently  bril- 
liant for  ordinary  purposes,  and  a  tertiary  one  has  therefore  been  debased.  This  con- 
sists of  a  box  30  cm.  in  length,  one  end  of  which  contains  an  aperture  5  cm.  in 
diameter,  covered  by  a  piece  of  ground  glass,  and  the  other  end  carries  the  sensitive 
plate  and  the  blackened  brass  plate  described  al:)ove.  Just  inside  the  ground  glass 
maybe  placed  diaphragms  ranging  from  O.Oi  to  4.0  cm.  in  diameter.  At  a  distance  of 
about  200  cm.  beyond  the  ground  glass  is  placed  an  Argand  gas  burner.  Tliis  appara- 
tus gives  ample  light  for  all  photographic  purposes,  and  the  plates  exposed  in  it  may 
always  be  standardized  when  necessary  by  an  additional  exposure  to  the  secondary 
standard. 

The  three  pieces  of  a2:)paratus  above  described  are  adapted  to  various  investiga- 
tions. Thus  the  photographic  brightness  of  the  Moon,  and  of  the  brighter  stars  and 
planets,  may  be  measured  with  accuracy  by  employing  different  apertures  in  front  of 
the  lens  of  the  secondary  standard,  and  measuring  the  brightness  of  the  various 
images  obtained  by  means  of  a  photographic  wedge,  or  a  series  of  standard 
squares  of  varying  density.  It  is  very  important  to  vary  the  aperture  rather  than 
the  time  of  exposure,  since  the  results  obtained  in  the  latter  case  would  have  to  be 
corrected  by  the  "  time  Correction  "  (Annals,  Volume  XXXII,  20) .  The  secondary 
standard  also  enables  us  to  express  the  sensitiveness  of  a  plate,  in  terms  of  miiversal 
application  throughout  all  time.  Thus  the  Seed  plate  No.  27  is  capable  of  being  appre- 
ciably darkened  when  exposed  for  ten  minutes  to  a  source  equal  to  300  times  the 
brightness  of  a  Ursae  Minoris.  This  amount  of  light  is  equal  to  about  thirty  times  the 
brightness  of  a  star  whose  photographic  magnitude  is  0.0.  The  logarithm  of  this 
number,  1.5,  may  be  conveniently  used  to  represent  the  sensitiveness  of  the  Seed 
plate.  By  the  use  of  the  secondary  and  tertiary  standard,  together  with  an  ordinary 
photographic  telescope,  we  may  make  a  study  of  the  l>rightness  of  nebulae,  comets 
and  other  luminous  surfaces. 

From  these  various  investigations  it  is  hoped  that  we  shall  obtain  a  scale  of 
photographic  intensities  with  which  all  sources  of  light  ma}'  be  compared  and  to  which 
they  rany  be  referred. 

EDWARD   C.  PICKERING. 

May  9,  1900. 
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POSITIONS   OF   EROS   (433)    IN    1893,    1894,   AND    1896. 

Approximate  positions  of  Eros  (433)  during  the  oppositions  of  1894  and  1896 
will  be  found  in  Circulars,  Nos.  36  and  37.  Since  then,  the  photographs  from  which 
these  positions  were  derived  have  been  measured  by  the  method  described  in  the 
Harvard  Annals,  Vol.  XXVI,  p.  237,  and  reduced  by  the  method  of  Turner.  The 
measurements  have  been  made  by  Miss  E.  F.  Leland,  and  the  reductions  by  Miss  A. 
Winlock  aided  by  Miss  I.  E.  Woods.  These  photographs  were  taken  with  the  Bruce, 
Bache,  and  Draper  photographic  doublets,  whose  apertures  are  6Q,  20,  and  20  cm., 
and  the  focal  lengths  such  that  1  mm.  equals  60",  179",  and  163",  respectively. 
Photographs  taken  with  these  instruments  are  designated  by  the  letters  A,  B,  and  I, 
respectively.  The  smaller  instruments  photograph  a  field  10°  square,  and  as  some 
of  the  images  fall  near  the  corners  of  the  plate  it  was  not  supposed  that  positions 
could  be  determined  from  them  with  a  high  degree  of  accuracy.  In  some  cases,  the 
images  ai'e  more  than  5°  from  the  centre  of  the  plates  and  are  consequently  much 
distorted,  the  greatest  diameter  exceeding  a  minute  of  arc ;  yet,  as  will  be  seen 
below,  the  accuracy  of  the  places  does  not  greatly  differ  from  that  ordinai'ily  obtained 
Avith  meridian  circles.  The  most  remarkable  conclusion  to  be  derived  from  these 
observations  is  that  if,  in  the  future,  any  other  ol)ject  like  Eros  should  be  discovered, 
we  have  at  tliis  Observatory  the  means  of  tracing  its  path  since  1890,  during  the 
time  in  which  it  was  moderately  bright,  with  nearly  as  great  accuracy  as  if  a  series  of 
observations  had  been  taken  of  it  with  a  meridian  circle. 

In  the  following  table  the  designation  of  the  original  negative  is  given  in  the 
first  column.  The  date,  the  Greenwich  Mean  Time  of  the  middle  of  the  exposure, 
and  the  duration  of  the  exposure,  are  given  in  the  next  three  columns.  Two  enlarge- 
ments, on  a  scale  of  0.1  cm. =10",  were  made  from  each  of  these  negatives,  and  their 
designations  are  given  in  the  fifth  column.  The  niunber  of  catalogue  stars  on  these 
enlargements  used  to  determine  the  constants  of  the  plates,  such  as  errors  of  scale, 
orientation,  etc.  is  given  in  the  sixth  column.     The  standard  coordinates  of  Eros  are 
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sivon  in  the  seventh  and  eighth  cohunns.  and  the  resulting  right  ascension  and  decU- 
nation  for  1875.  in  the  ninth  and  tenth  columns.     The  tAvo  measures  of  each  plate  are 


POSITIONS    OF    EKOS. 


Plate. 

Date. 

G.  M.  T. 

Exp. 

7(1 

Enl. 

St. 

X 

Y 

E.  A.  1875. 

Dec,  1875. 

AR.  A. 

AD. 

y        m     d 

Ii      m 

ft  m         s 

0 

s 

.. 

I  9801 

1893  10  28 

21  55 

14 

6441 
6442 

9 
9 

-  9627.2 

-  9026.9 

-15941.0 
-15941.2 

5  58  48.11  +53  39  46.8 
5  58  48.14  1+53  39  46.7 

+  0.03 

-0.1 

I  9832 

1893  10  30 

20  18 

10 

6377 

9 

+  9760.3 

-14440.0 

6  4  33.13  1+54  0  25.8 

+  0.03 

-1.3 

1 

6378 

9 

+  9760.7 

-14441.3 

6  4  33.16 

+  54  6  24.5  1 

I  9862 

1893  10  31 

21  21 

15 

6391 

7 

-10903.8 

+  3653.4 

6  7  37.42 

+  54  20  11.2 

+  0.40 

+2.2 

6392 

7 

-10900.1 

+  3655.3 

6  7  37.82 

+  54  20  13.4 

I  10095' 

1893  11  26 

20  26 

17 

6390 

7 

-15368.2 

+  4066.2 

7  17  31.35 

+  57  49  34.0 

-0.29 

-1.0 

6389 

7 

-15370.6 

+  4065.5 

7  17  31.06 

+  57  49  33.0 

I  10215 

1893  12  19 

18  21 

14 

6375 

4  ! 

+  10544.4 

+  5340.3 

7  45  56.41 

+  54  38  39.2 

+  0.28 

+  0.1 

1 

6370 

4  1 

+  10546.8 

+  5340.5 

7  45  56.69 

+  54  38  39.3 

I  102S0 

1893  12  23 

19  49 

13 

6416 

4 

-10591.8 

-  642.9 

7  45  57.59 

+  52  58  16.4 

-0.19 

-1.7 

' 

6417 

4 

-10593.7 

-  644.5 

7  45  57.40 

+  52  58  14.7 

I  10321 

1893  12  27 

17  32 

10 

6383 

7 

+  10580.3 

+  10362.3 

7  44  43.17 

+  50  55  0.2 

+  0.03 

-0.6 

6382 

7 

+  10580.7 

+  10361.7 

7  44  43.20 

+  50  54  59.6 

1 

I  10469 

1894  1  19 

16  57 

10 

6408 

7 

-  654.1 

-15761.6 

7  26  28.40 

+  28  45  48.4 

-0.20 

+  0.9 

6409 

7 

-  656.7 

-15700.7 

7  26  28.20 

+  28  45  49.3 

I  10559 

1894  1  25 

10  16 

13 

6393 

9 

-  3564.4 

+  11541.9 

7  23  33.46 

+  21  14  58.0 

-0.01 

-1.0 

6394 

9 

-  3564.6 

+  11541.0 

7  23  33.45 

+  21  14  57.0 

A  222 

1894  2  5 

15  26 

60 

6410 

7 

-  4630.1 

+  5011.8 

7  23  17.83 

+  8  45  22.8 

-0.05 

+  1.9 

6411 

7 

-  4630.8 

+  5013.7 

7  23  17.78 

+  8  45  24.7 

A   246 

1894  2  16 

14  49 

12 

6414 

8 

+  1059.4 

-  9589.0 

7  29  58.55 

-  0  21  42.7 

-0.08 

+  0.6 

6415 

8 

+  1058.2 

-  9589.0 

7  29  58.47 

-  0  21  42.1 

I  10685 

1894  2  16 

14  59 

13 

6436 

11 

+  10997.4 

-13093.8 

7  29  59.01 

-  0  21  54.4 

-0.32 

-3.6 

6437 

11 

+  10992.6 

-13097.4 

7  29  58.69 

-  0  21  58.0 

B  10909 

1894  4  16 

14  13 

10 

6371 

7 

+  2201.3 

+  13823.8 

9  17  0.62 

-13  33  54.0 

-0.03 

+  1.8 

6374 

7 

+  2200.9 

+  13825.0 

9  17  0.59 

-13  33  .52.2 

B  10951 

1894  4  18 

14  29 

10 

6305 

9 

+  8489.9 

+  12701.3 

9  21  47.01 

-13  38  52.7 

-0.10 

+  1.3 

6370 

9 

+  8488.5 

+  12702.0 

9  21  40.91 

-13  38  51.4 

B  11174 

1894  5  19 

14  16 

10 

6344 

7 

+  7170.1 

-10985.5 

10  38  1.88 

-14  57  21.9 

+  0.10 

+  3.0 

6346 

7 

+  7171.6 

-10981.9 

10  38  1.98 

-14  57  18.3 

B  15531 

1896  4  6 

20  52 

60 

6360 

7 

-  7958.9 

-  3771.5 

18  36  59.92 

-38  32  48.8 

+0.03 

+  1.0 

1 

6361 

7 

-  7958.6 

-  3770.5 

18  36  59.95 

-38  32  47.8 

B  16108 

1896  6  4 

16  40 

70 

6350 

5 

-10686.4 

-  9103.3 

18  30  6.81 

-40  2  45.2 

+  0.75 

+  0.2 

6351 

5 

-10677.8 

-  9102.7 

18  30  7.56 

-40  2  45.0 

B  16157 

1896  6  5 

:  19  54 

10 

6355 

5 

+  15242.6 

+  8801.3 

18  27  51.27 

-39  58  33.0 

+  0.24 

+  0.7 

6357 

5 

+  15245.4  t  +  8861.9 

18  27  51.51 

-39  58  32.3 

B  16165 

1896  6  5 

22  4 

11 

6353 

4 

+  1306.6 

-  8891.1 

18  27  39.55 

-39  58  2.1 

+  0.07 

+  3.4 

6354 

4 

+  1307.4 

-  8887.7 

18  27  39.62 

-39  57  58.7 

B  16518 

1896  6  29 

19  17 

15 

6348 

9 

-  9732.7 

+  4124.9 

17  37  43.91 

-36  21  26.7 

-0.09 

+  1.4 

i 

6349 

9 

-  9733.9  I  +  4120.3 

17  37  43.82 

-36  21  25.3 

A  1876 

1896  6  30 

13  46 

60 

6413 

6 

+  5864.8 

+  4719.0 

17  36  22.23 

-36  11  20.9 

0.00 

+  0.5 

6412 

6 

+  5864.8 

+  4719.4 

17  36  22.23 

-36  11  20.4 
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iiKlepeudent,  except  for  errors  in  the  original  negatives  and  in  the  method  of  rednction. 
The  differences  in  the  two  results  for  the  right  ascension,  and  for  the  declination,  are 
given  in  the  last  two  columns. 

On  I  9832,  the  image  is  irregular.  The  position  of  the  brightest  part  is  given. 
The  centre  precedes  it  0^.66,  and  is  8".6  south.  On  A  222  and  A  1876,  the  unages 
are  much  elongated,  owing  to  the  motion  of  Eros.  The  means  of  the  measures  of 
the  ends  are  given.  The  discordance  in  the  positions  derived  from  I  10685  and 
B  16108  is  probably  due  to  the  poor  quality  of  the  images. 

A  complete  discussion  of  these  measures,  including  the  original  settings  and  the 
results  for  each  comparison  star,  is  in  course  of  preparation  for  the  Annals.  The  posi- 
tions of  the  stars  have  been  taken  from  the  Catalogues  of  the  Astronomisches  Ges- 
ellschaft,  except  in  the  case  of  the  plates  taken  in  1896  for  which  the  Cordoba  Cata- 
logues have  been  used.  The  average  value  of  the  296  residuals  for  the  catalogue 
stars  is,  for  x,  ±1".03,  for  y,  ±1".06.  The  average  difference  of  the  standard  coordi- 
nates of  the  two  positions  of  Eros  is,  for  .r,  ±1".8,  for  y,  ±1".4.  For  the  three  Bruce 
plates  these  values  become  ±0".6,  and  ±]".0,  respectively. 

EDWARD   C.    PICKERING. 
June  7,  1900. 
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Haryard  College  Obseraatory. 
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VARIABLE  STARS  IN   CLUSTERS.     RATE   OF   INCREASE   OF   LIGHT. 

It  appears  from  Circular  No.  33,  that  the  proportion  of  stars,  found  to  be 
variable,  in  the  cluster  Messier  3,  N.  G.  C.  5272,  is  greater  than  in  any  other  object 
of  the  same  class.  This  object  is,  however,  so  low  at  Arequipa,  and  the  stars  are 
so  faint,  that  satisfactory  photograjjhs  cannot  be  obtained  of  it,  with  the  13-inch 
Bo^'den  refractor,  with  exposures  of  less  than  90"'.  The  rate  of  increase  of  the 
light  of  many  of  these  stars  is  extremely  rapid,  and  in  order  to  determine  this 
change  with  the  greatest  precision,  photographs  having  very  short  exposures  are 
necessary.  Accorchngly,  at  my  request,  Professor  James  E.  Keeler  has  taken  a 
series  of  admirable  photographs  of  the  cluster  -with  the  3-foot  Crossley  reflector 
of  the  Lick  Observatory.  These  photographs  were  taken  on  May  20  and  21,  1900. 
The  first  plate  had  an  exposure  of  60"*,  the  others,  24  in  number,  exposures  of 
10'"  each.  Professor  Bailey,  from  an  examination  of  these  photographs,  has 
derived  the  following  results :  — 

Three  variable  stars  have  already  been  measured  on  these  plates.  They  are 
Nos.  11,  96,  and  119.  The  series  of  plates  extended  from  17''  42'"  46'  to 
20"  24"'  IV,  on  the  night  of  May  20,  and  from  17"  2'"  38*  to  20"  53"'  27%  May 
21,  G.  M.  T.  These  periods  of  time  covered  the  entire  interval  from  minimum  to 
maximum,  for  each  of  the  above  stars,  on  at  least  one  night.  The  same  stars 
were  also  measured  on  49  plates  made  at  Arequipa  during  the  years  1895-1899. 
From  a  study  of  all  these  measures  the  periods  have  been  determined  as  follows : 
for  No.  11,  12"  12™  25^  for  No.  96,  12"  0"'  15';  for  No.  119,  12"  24'"  31'.  For 
the  following  discussion  (jf  the  rate  of  increase,  however,  only  plates  made  b\- 
Professor  Keeler  on  the  night  of  May  21,  and  having  exposures  of  10'"  were  used. 

The  measures  of  the  brightness  of  the  variables  were  made  by  Argelander's 
method,  using  a  sequence  of  comparison  stars,  whose  magnitudes  have  not  yet 
l)een  determined.  The  results  are  therefore  given  in  grades.  The  value  of  one 
of    these   grades    is    somewhat    uncertain,   but    is    not    far    from    one    tenth   of   a 
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magnitude,  since  in  pre^^ous  work  by  the  same  observer  the  value  of  one  grade 
was  fomid  to  be  0.085  of  a  magnitude.  The  observations  were  plotted,  using 
vertical  distances  to  represent  magnitudes  and  horizontal  distances,  time.  A  smooth 
curve  was  then  drawn  through  them.  The  time  scale  emplo^-ed  in  the  drawing 
was  very  open,  in  order  to  read  with  greater  accuracy  the  ordinates  of  the  curve 
corresponding  to  intervals  of  5'".  The  results  of  the  measures  are  very  accordant. 
For  all  the  measures  on  the  Lick  plates  of  10"'  exposure,  the  average  deviation 
from  the  curve  is  less  than  half  a  grade.  The  results  for  the  three  stars,  for  the 
period  of  increase  of  the  light,  are  given  below.  The  first  column  contains  the 
time,  and  the  second,  the  corresponding  brightness  expressed  in  grades.  The 
differences,  found  by  subtracting  each  value  in  tlie  second  column  from  that 
ft)llowing  it,  are  given  in  the  third  column,  which  therefore  represents,  in  each 
case,  the  change  in  light  during  an  interval  of  live  minutes. 

IN'CRE.VSE    OF    LIGHT. 


V 

SB.  No.   11. 

V 

AR.  No.  95. 

Va 

n.  No.  no. 

Time. 

Gr. 

Diff. 

Time. 

Gr. 

Diff. 

Time. 

Gr. 

Diff. 

/..      m. 

/l.         711. 

h.     m. 

IS  -20 

0.0 

0.0 

19  .30 

0.0 

0.0 

17  25 

0.0 

0.0 

25 

0.0 

0.3 

35 

0.0 

0.4 

30 

0.0 

0.6 

HO 

0.3 

0.8 

40 

0.4 

1.1 

35 

0.6 

1.0 

o5 

1.1 

1.2 

45 

1.5 

1.7 

40 

1.6 

1.2 

40 

2..3 

1.4 

50 

3.2 

2.1 

45 

2.8 

1.4 

45 

3.7 

1.6 

55 

5.3 

2.4 

50 

4.2 

1.5 

50 

5.3 

1.8 

20     0 

7.7 

2.5 

55 

5.7 

1.5 

55 

7.1 

1.9 

5 

10.2 

2.3 

18     0 

7.2 

1.5 

10     0 

9.0 

1.9 

10 

12.5 

1.8 

5 

8.7 

1.4 

5 

10.9 

1.9 

15 

14.3 

1.2 

10 

10.1 

1.3 

10 

12.8 

1.8 

20 

15.5 

0.7 

15 

11.4 

1.2 

15 

14.6 

1.5 

25 

16.2 

0.4 

20 

12.6 

1.2 

20 

16.1 

0.8 

30 

16.6 

0.1 

25 

13.8 

l.O 

25 

16.9 

0.4 

35 

16.7 

0.0 

30 

14.8 

0.9 

30 

17.3 

0.2 

40 

16.7 

35 

15.7 

0.7 

:i5 

17.5 

0.0 

40 

16.4 

0.4 

40 

17.5 

45 
50 
55 

16.8 
17.0 
17.0 

0.2 
0.0 
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From  this  tal)le  it  appears  that  the  total  increase  of  Hght,  amounting  to 
17.5  grades,  takes  place  in  the  case  of  Variable  No.  11  within  70™;  in  the  case 
of  No.  96,  an  increase  of  16.7  grades  occurs  within  60'";  and  No.  119,  17.0  grades, 
witliin  80'".  The  maxinunn  increase,  during  any  interval  of  5'",  is,  in  the  case  of 
No.  11,  1.9  grades;  No.  96,  2.5  grades;  No.  119,  1.5  grades.  During  30'"  No.  11 
increases  in  light  10.9  grades,  or  at  the  rate  of  21.8  grades  per  hour;  No.  96. 
12.8  gi-ades,  or  at  the  rate  of  25.6  grades  per  hour ;  and  No.  119,  8.6  grades,  or 
at  the  rate  of  17.2  grades  per  hour.  The  greatest  rapidity  is  in  the  case  of 
No.  96,  which  increases,  during  5'",  at  the  rate  of  30  grades,  or  at  least  two  and 
a  half  magnitudes  per  hour,  and  during  30"'  at  the  rate  of  more  than  two 
magnitudes  per  hour.  This  rate  of  change  appears  to  be  the  most  rapid  of  any 
known  variable.  The  Algol  variable  U  Cephei,  which  perhaps  imdergoes  the  most 
rapid  change  of  any  star  not  found  in  clusters,  changes  at  the  rate  of  about  one 
and  a  half  magnitudes  per  hour,  during  the  half  hour  of  its  most  rapid  increase 
and  decrease.  The  total  times  of  increase  for  the  three  stars,  70'",  60'",  and  80'", 
are  10,  8,  and  11  per  cent,  respectively,  of  their  entire  periods.  Near  the  beginning 
and  end  of  increase,  however,  the  rate  of  change  seems  to  be  relatively  slow.  If 
we  alloAv  one  and  a  half  grades  for  each  of  these  periods  of  slow  change,  making 
three  grades  in  all,  we  find  that  the  remaining  increase,  amounting  to  more  than 
four  fifths  of  the  whole  change  in  light,  takes  place  for  the  three  stars  in  42"',  34"', 
and  54'",  respectively,  that  is,  in  aliout  6,  5,  and  7  per  cent  of  the  respective  full 
periods.  In  the  case  of  No.  96,  this  increase  is  aljout  ten  thnes  as  rapid  as  the 
coiTcsponding  decrease.  In  general,  it  may  be  stated  that  the  length  of  periods 
and  the  form  of  light  cin-ves  are  similar  to  those  of  many  of  the  variables  in 
Messier  5,  and  in  w  Centauri.  (Astrophysical  Journal,  Vol.  X,  255).  It  will  Ije 
noted  that  the  periods  of  these  three  stars  in  Messier  3  are  about  one  half  a  da^-. 
Several  other  varialjles  in  this  cluster  appear  to  have  approximately  the  same 
period. 

P^DWARi:)    C.   PICKERING. 

JCNE    18,    lilOO. 


Harvard  College  observatory. 
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COOPERATION   IN  OBSERVING    VARIABLE   STARS. 

The  nmnber  of  known  variable  stars  of  long  period  is  now  so  great,  and  is 
increasing  so  rapidly,  that  the  observation  of  many  of  them  has  been  greatly 
neglected.  Observations  by  Argelander's  method  are  so  easily  made  that  they 
are  especially  adapted  to  observers  who,  for  various  reasons,  cannot  use  jirecise 
photometric  methods.  In  the  case  of  variables  of  small  range,  including  those  of 
short  period  and  many  of  the  Algol  variables,  the  subjective  errors  greatly  diminish 
the  value  of  observations  by  Argelander's  method.  In  these  cases,  also,  the  periods 
and  light  curves  appear  to  ])e  so  regular  that  continuous  observations  are  not 
needed.  It  appears  to  lie  better  to  observe  such  objects  photometrically  through- 
out their  variation,  if  possible,  and  thus  determine  the  light  curves.  Small  varia- 
tions in  the  period  can  then  be  determined  liy  occasional  observations  at  times 
when  the  light  is  varying  most  rapidly.  Many  of  the  variables  of  long  period  appear 
to  change  irregularly,  and  continuous  observations  are  required  until  the  nature  of 
the  changes  are  known.  Moreover,  the  range  is,  in  many  cases,  so  great  that  the 
errors  of  observation  are  not  sufficient  to  affect  seriously  the  form  of  the  curve. 
The  method  of  oljservations  for  these  stars,  which  has  been  in  use  here  for  the 
last  twelve  jears  is  as  follows :  —  A  sequence  of  comparison  stars  is  first  selected  as 
near  the  variable  as  possiljle,  and  each  about  half  a  magnitude  brighter  than  the 
next  in  order,  the  brightest  being  somewhat  brighter  than  the  variable  at  maxi- 
mum, and  the  faintest,  fainter  than  the  variable  at  minimum.  Care  is  taken  not 
to  include  double  stars  or  those  near  brighter  stars.  The  stars  brighter  than  the 
tenth  magnitude  are  then  measured  with  the  meridian  photometer.  Tliis  has  been 
done  for  nearly  all  of  the  comparison  stars  selected  here.  Magnitudes  deter- 
mined with  the  meridian  photometer,  for  all  stars  of  the  seventh  magnitude  and 
brighter,  can  now  be  furnished  upon  a  uniform  system.  For  the  fainter  stars, 
measures  have  been  made  of  large  numbers  of  stars  as  faint  as  the  thirteenth 
magnitude,  and  photometers  are  now  in  use  with  which  the  faintest  stars  visible 
in  the  largest  telescopes  can  lie  measured.  As  the  apparent  magnitude  may  some- 
times   differ    from    the    measured    mau'nitude.   it    has   been   found   best    to    estimate 
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independently  on  several  nights  the  interval  between  each  of  the  adjacent  stars  in 
the  sequences,  and  adopt  magnitudes  found  by  combining  these  estimates  with  the 
photometric  magnitudes.  Having  thus  provided  standards  of  comparison  on  the 
same  scale  for  stars  in  all  parts  of  the  sky,  a  variable  may  be  compared  on  any 
night  with  the  stai's  nearest  it  in  brightness  in  its  sequence,  taking  care  to  select 
one  that  is  brighter  and  another  fainter.  From  estimates  of  these  intervals  in 
grades,  the  light  of  the  variable  is  readily  reduced  to  the  standard  scale.  When 
a  varial)le  is  faint,  it  is  impossible  to  observe  it  for  several  days  every  month,  near 
the  time  of  full  Moon.  At  least  one  observation  should  Ije  obtained  in  the  interval 
between  successive  times  of  full  Moon.  Tliis  can  only  be  done  for  polar  stars, 
owing  to  the  proximity  of  the  Sun  at  certain  seasons.  Since  the  periods  of  a 
large  portion  of  the  variables  of  long  period  exceed  half  a  3'ear,  it  is  evident 
that  monthly  observations  will,  in  general,  give  a  good  idea  of  the  form  of  the 
light  curve.  Of  course,  additional  observations  should  also  be  ol)tained,  but  failure 
to  .secure  any  observation  during  a  long  interval  slundd  l)e  avoided  if  possible. 
Since  1889,  an  attempt  has  been  made  to  observe  seventeen  circumpolar  variables, 
north  of  declination  +oU°,  at  least  once  a  month.  The.se  stars  are  always  above 
the  horizon  at  Cambridge,  so  that  they  can  be  observed  at  all  sea.sons.  The 
results  for  the  years  1889-1899  will  be  found  in  Volume  XXXVII,  Part  I,  of 
the  Annals,  which  is  now  printed  and  in  process  of  distribution.  Similar  observa- 
tions have  l)een  made  of  about  sixty  other  variables,  but  less  regularly.  At 
Arequipa,  similar  ojjservations  have  been  made  of  a  large  number  of  southern 
variables.  It  is  much  to  he  desired  that  all  variables  of  long  period  should  be 
observed  in  the  same  way,  or  at  least  so  that  all  can  be  reduced  to  a  uniform 
scale  of  magnitudes.  Cooperation  is  necessary  to  attain  success  in  this  work. 
Variables  near  the  ecliptic  can  be  observed  when  near  the  Sun  much  better  at 
tropical  stations  than  at  those  near  the  pole.  The  reverse  is  true  for  polar 
variables.  Northern  variables  can  be  observed  for  a  longer  j^ortion  of  the  year 
at  northern  observatories,  and  southern  variables  at  southern  observatories.  When 
a  variable  can  be  observed  only  in  the  morning  it  is  much  more  likely  to  escape 
observation  than  at  other  seasons.  A  computation  has  been  made  of  the  date  on 
which  the  variables  mentioned  above  are  20°  above  the  horizon  at  Cambiidge  at 
midnight,  and  also  in  the  morning  and  evening  when  tlie  Sun  is  still  10°  below 
the  horizon.  Thus,  these  three  dates  for  the  star,  T  Andromedie,  are  July  1, 
May  1,  and  March  12.  Accordingly,  from  May  1  to  July  1,  this  star  can  be 
observed   onlv  in   the   morninsr.  from  Julv   1   to   March   12   it  can  be   ob.served   in 
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the  evening,  while  from  March  12  to  May  1  observations  are  difficult  owing  to 
twilight.  When  a  variable  is  bright  it  is  best  observed  with  a  small  telescope, 
that  is,  one  having  an  aperture  of  not  more  than  6  or  8  inches.  Observations  of 
great  value  could  be  obtained  by  an  observer  with  a  large  telescope  if  he  was 
notified  when  the  star  was  too  faint  to  be  observed  with  smaller  instruments. 
The  excellent  charts  of  Father  Hagen  are  almost  indispensible  for  observing  the 
stars  when  fainter  than  the  ninth  magnitude.  When  the  variables  are  bright,  the 
need  has  been  felt  here  for  charts  on  a  smaller  scale  and  covering  a  larger  region. 
After  various  experiments,  photographic  enlargements  have  been  made  of  portions 
of  the  admirable  charts  of  the  Bonn  Durchmusterung.  A  region  3°  square,  sur- 
rounding each  variable,  has  been  enlarged  three  times,  thus  giN^ng  a  map  on  the 
standard  scale  of  one  minute  of  arc  to  one  millimetre.  The  stars  on  these  maps, 
while  appearing  coarse  by  daylight,  are  thus  easily  seen  and  identified  at  night 
without  using  a  light  bright  enough  to  dazzle  the  eye.  The  designations  of  the 
stars  in  the  sequence  are  marked  upon  these  enlargements,  and  copies  will  be 
furnished  at  cost.  Charts  will  be  furnished  free  of  cost  to  experienced  observers 
who  are  ready  to  cooperate  in  the  above  plan  of  work.  Observations  of  nearly 
equal  value  can  be  obtained  by  those  unaccustomed  to  estimating  intervals  in 
grades.  It  is  only  necessary  to  enter  on  the  charts  the  standard  magnitudes  of 
the  comparison  stars,  and  from  these  to  estimate  directly  the  magnitude  of  the 
variable.  Charts  are  now  being  prepared,  and  with  the  corresponding  magnitudes 
can  soon  be  furnished  for  the  following  stars :  — 

T  Andromedse,  T  Cassiopeia?,  R  Andromedre,  S  Ceti,  S  Cassiopeiae,  R  Piscium,  R  Arietis, 
o  Ceti,  S  Persei,  R  Ceti,  U  Ceti,  R  Tauii,  R  Aurigae,  U  Orionis,  R  Lyucis,  R  Gemiiioriiui,  S  Canis 
MiQoris,  R  Cancri,  V  Caneri,  S  Hydrse,  T  Hydras,  R  Leonis  Minoris,  R  Leonis,  R  Ursse  Majoris, 
X  Virginis,  R  Comse  Berenices,  T  Virgiuis,  R  Corvi,  Y  Virginia,  T  Urste  Majoris,  R  Virginis, 
S  Ursae  Majoris,  U  Virginis,  V  Virginis,  R  Hydra?,  S  Vii-ginis,  R  Cannni  Venaticorum,  S  Bootis, 
R  Camelopardali,  R  Boutis,  S  Librie,  S  Serpentis,  S  Corona;  Borealis,  R  Herculis,  R  Scorpii, 
S  Scorpii,  U  Herculis,  V  Herculis,  R  Ursae  Minoris,  R  Draconis,  S  Herculis,  ROphiuchi,  T  Herculis, 
R  Scuti,  R  Sagittarii,  R  Cygni,  ^  Cygni,  S  Cygni,  R  S  Cygni,  R  Delphini,  U  Cygui,  V  Cygni, 
T  Aquarii,  R  Vulpeculae,  T  Cephei,  S  Cephei,  SS  Cygui,  S  Aquarii,  RPegasi,  S  Pegasi,  RAquarii, 
and  R  CassiopeiiP. 

If  the  above  plan  proves  successful,  it  is  hoped  that  it  may  he  extended  to 
the  other  variable  stars  of  long  jieriod. 

EDAVARD    C.   PICKP:RING. 

.T.vxiAUY    ir,,    lilOl. 
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SIXTY- FOUR   NEW    VARIABLE   STARS. 

The  photographs  of  the  Henry  Draper  Memorial  continue  to  furnish  great 
inunbers  of  new  variable  stars.  A  large  part  of  those  enumerated  below  were 
fovind  from  the  presence  of  bright  hydrogen  lines  in  their  spectra.  Many  stars 
whose  spectra  are  of  the  fourth  type  also  prove  to  be  variable.  These  variables 
have  been  divided  into  two  classes.  First,  those  in  which  the  variation  is  so 
great  that  it  is  obvious  to  the  most  inexperienced  observer.  Secondly,  those  in 
which  the  variation  so  far  detected  is  small,  about  half  a  magnitude  to  a  magni- 
tude. In  each  of  these  cases,  two  or  more  experienced  observers,  who  are 
accustomed  to  accurate  measures  of  photographic  brightness,  are  satisfied  that  the 
change  is  real.  We  have  here  a  case  like  the  confirmation  visually  by  a  second 
observer,  since  so  many  plates  of  each  variable  are  examined,  generally  a  dozen  or 
more,  that  on  several  the  star  is  bright,  and  on  several,  faint.  There  seems  to  be 
no  way  in  which  these  changes  can  be  rendered  more  evident,  and  owing  to  the 
redness  of  many  of  the  stars  it  is  doubtful  if  visual  observations  would  be  more 
conclusive.  Perhaps  photometric  measures,  which  appear  to  be  less  influenced  by 
color,  or  photographs  taken  with  a  reflector  might  be  employed  to  advantage. 
Owing  to  the  accidental  errors,  additional  measures  add  but  little  to  the  certainty 
of  variation,  which  is  best  shown  by  comparing  two  plates,  on  one  of  which  the 
variable  is  bright,  on  the  other,  faint.  It  seems  best  therefore  to  publish  the 
positions  of  these  stars,  hoping  that  by  further  observations  the  laAvs  governing 
their  changes  may  be  learned.  In  both  tables,  the  name  of  the  constellation  is 
given  in  the  first  column.  For  northern  stars,  the  boundary  of  the  constellations 
is  taken  from  the  Atlas  Ccelestis  Novus  of  Heis,  and  for  southern  stars  from  the 
Uranometria  Argentina.  The  catalogue  designation,  if  any,  is  given  in  the  second 
column.  The  approximate  right  ascension  and  declination  for  1900  are  given  in 
the  third  and  fourth  columns.  The  class  of  spectrum  is  given  in  the  fifth  column. 
Followdng  the  notation  of  the  Draper  Catalogue,  Mc  is  used  to  denote  a  spectrum 
of  the  third  type  like  that  of  o  Ceti  at  minimum.  Md  denotes  a  similar  spectrum 
in  which,  however,  the  hvdrogen  lines  are  bright  as  in  o  Ceti  at  maximum.     Inter- 
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mediate    spectra    are    indicated    b}"  Me  5  d.      N   denotes  a   spectrum   nt   the   fourth 
tvpe.  and  Pec.  that  the  spectrum  is  peculiar.     The  name  of  the  discoverer  is  given 


TABLf:   1. 
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(  on^ti^lUtion. 

Designation. 

R.  A.  19O0. 

Dec.  1900. 

Class. 

Dis.ov,rer. 

C'hama>leon 

Z.  C.  8*    2054 

A.        m. 

8  24.1 

-76     2 

Md 

W.  p.  Fleming 

Carina 

9  18.2 

-68  20 

Md 

W.  P.  Fleming 

Vela 

A.G.C.  13539 

9  51.3 

-41     7 

N 

L.  U.  Wells 

Antlia 

A.G.C.  14440 

10  30.8 

-39     3 

N 

L.  D.  Wells 

Carina 

10  33.2 

-61  48 

E.  C.  Pickering 

Centaurus 

Z.  C.  11'-    129 

11     2.9 

-54  35 

N 

L.  D.  Wells 

Virgo 

-18°  3660 

13  36.3 

-18  38 

L.  D.  AVelk 

Lupus 

Z.  C.  14"  3225 

14  52.6 

-53     0 

N 

W.  P.  Fleming 

Lupus 

15     8.5 

-50  25 

E.  C.  Pickering 

Circiiius 

15  20.0 

-57  22 

Mdr 

W.  P.  Fleming 

Norma 

Z.  C.  16"      59 

16     2.6 

-48  58 

Md? 

W.  P.  Fleming 

Norma 

A.G.C.  21999 

16     9.0 

-52  21 

Md? 

W.  P.  Fleming 

Norma 

-51°  10147 

16  17.7 

-51  42 

N 

W.  P.  Fleming 

Triauj:.  Austr. 

Gilliss     12037 

16  39.8 

-67  36 

N 

W.  P.  Fleming 

Scorpius 

-43°  11672 

17  18.1 

-43  44 

Md 

W.  P.  Fleming 

Scorpius 

-35°  11923 

17  40.8 

-35  40 

N 

W.  P.  Fleming 

Ophiuchus 

-    6°  4661 

17  44.8 

-   6  44> 

W.  P.  Fleming 

Ara 

-4s°  12145 

17  47.3 

-48  17 

Md 

W.  P.  Fleming 

Ara 

-49°  11  sill 

17  49.2 

-49  46 

Mc 

W.  P.  Fleming 

Corona  Austr. 

-39=  12196 

17  58.2 

-.39  20 

N 

W.  P.  Fleming 

Corona  Austr. 

18     2.6 

-45  26 

Mc 

W.  P.  Fleming 

Corona  Austr. 

18     7.2 

-42  53 

Md 

W.  P.  Fleming 

Telescopinm 

18  19.0 

-49  42 

Md 

W.  P.  Fleming 

Sagittarius 

-  16=  4904 

l>i  24.6 

-16  .59 

N 

W.  P.  Flendng 

Scutum 

-    8°  4726 

IX  44.9 

-    8      1 

N 

L.  D.  Wells 

Scutum 

-    8°  4764 

is  50.0 

-    8  19 

X 

W.  P.  Fleming 

Sagittarius 

18  55.9 

-12  54 

Md 

W.  P.  Fleming 

Sagittarius 

-  22°  4958 

18  57.7 

-22  51 

Mc 

W.  P.  Fleming 

Telescopium 

19     0.5 

-49     4 

Md 

W.  P.  Fleming 

Telescopium 

C.  P.  D.  -50=  11027 

19  10.5 

-50  38 

Md? 

W.  P.  Fleming 

Lyra 

+  42°  3338 

19  22.2 

+  42  36 

W.  P.  Fleming 

Telescopium 

19  43.1 

-50  15 

Md 

W.  P.  Fleming 

Telescopium 

20  11.2 

-52  56 

Md 

W.  P.  Fleming 

Telescopium 

-51°  12487 

20  12.9 

-51     1 

Mc5d 

W.  P.  Fleming 

Cygnus 

21  35.7 

+  42  45 

H.  R.  Colson 

Aquarius 

-22°  5901 

22  17.7 

-22  35 

Md? 

W.  P.  Fleming 

Piscis  Austr. 

A.G.C.  30605 

22  20.5 

-29  .35 

W.  P.  Fleming 

Andromeda 

+  48°  4093 

23  28.8 

+  48  16 

Md? 

W.  P.  Fleming 

Pegasus 

+  25=  5054 

23  55.0 

+  25  21 

Md: 

W.  P.  Fleming 
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in    tiK'   sixth   coluiim.       A    few    remai-ks   on    iiidiv  iihnil    star- 
is  proct'dcd    l>v   the   rijrlit   ascension   tor   I'.KMI. 
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Constellation. 

Desipi.-itiou. 

R.A.  1900. 

Dec.  1900. 

(JIaoii. 

,                     Disc.ivc-nr. 

TIy<lrus 

h.        m. 

2  10.4 

-71  57 

Mc  5  (1 

\V.  1'.  Fleming 

Ilydnis 

A.  G.  C.  1^684 

2  26.3 

-69  58 

Mc  5  (1 

W.  1'.  Fleming 

C'etus 

A.G.C. '2859 

2  37.4 

-23     2 

Mc5d 

W.  P.  Fleming 

IIi)rol()i;ium 

Z.  C.  2''  1104 

2  41.2 

-54  44 

Mc 

W.  P.  Fleming 

Eri<lanu« 

- 1°  546 

3  46.4 

-    1  41 

Mc  5  .1 

W.  P.  Fleming 

Piiiniis 

A.G.C.  8954 

7     1.7 

-35  47 

Mc  5  .1 

W.  P.  Fleming 

Caiiis  Major 

-11°  1805 

7     3.4 

-  1 1  46 

\ 

W.  P.  Fleming 

Lynx 

+  46°  1-271 

7  20.9 

+  46   10 

Mc 

W.  P.  Fleming 

Ily.lra 

-  8°  2343 

8  19.6 

-    s   11 

Mc  5  (1 

\V.  v.  Fleming 

Hy.lra 

-9°  2612 

8  34.9 

-    9   14 

Mc  5  <1 

W.  P.  Fleming 

Virj^o 

-  8°  3329 

12  15.2 

-    8  27 

M<1  r 

\V.  1*.  Fleming 

C'eiitauniH 

A.G.C.  17944 

13     6.3 

-56  28 

L.  I).  Wells 

Virjjo 

-  2°  3653 

13     8.9 

-    2  16 

Mc  5  (1 

W.  1'.  Fleming 

('ham;i-lei)ii 

A.G.C. 18352 

13  24.6 

—  77     3 

\V.  P.  Fleming 

Lupus 

Z.  C.  14'-  970 

14  16.9 

-47     4 

X 

W.  P.  Fleming 

Norma 

-50°  10442 

16  14.6 

-50  14 

M.l 

\V.  P.  Fleming 

Serpens 

-  15°  4923 

18  13.6 

-15  39 

X 

W.  P.  Fleming 

Corona  Austr. 

18  23.7 

-45     2 

M(l 

W.  P.  Fleming 

Telescopium 

-48°  12910 

19     0.1 

-48  44 

Mc 

W.  P.  Fleming 

Sagittariurt 

-16°  5360 

19  28.6 

-16  35 

N 

'      L.  D.  Wells 

Sagittariufl 

C.P.D.  -41°  9189 

19  40.6 

-41  26 

Mc  5  (1 

W.  P.  Fleming 

SajfittariuH 

A.G.C.  27520 

20     0.8 

-27  31 

Mc  5  .1 

\y .  P.  Fleming 

Octans 

Gillias  15580 

22     5.7 

-85  10 

Mc5d 

1     W.  P.  Fleming 

A<iuariu» 

-  18°  6299 

23  19.2 

-17  52 

Pec. 

'      W.  P.  Fleming 

Cas8io|)eiii- 

+  56°  3111 

23  49.4 

+  56  56 

I'ec. 

L.   1).    Wells 

7  20.9.  The  variation,  although  snialL  has  heen  confirmed 
hy  t»(i  other  observers,  and  is  indicated  by  observa- 
tions with  the  meridian  photometer. 

10  'Xi.2.  Found  by  »uper|>osing  an  original  negative  on  a 
rontact  print  from  another  negative  taken  on  a  different 
date. 

15  8.5.  Found  by  superposing  an  original  negative  on  a 
contact  print  from  another  negative  taken  on  a  different 
date. 

17  40.8.     This  star  is  C.  1'.  I).  -.•i5">7243.      Inncs  has  an- 

nounced the  variability  of  —35°  7270,  which   follows 
.  Sl'.'J,  south  O'.l.     A.  J.  20,  59,  95. 

18  44.9.     "  I'robably  a  variable  of  the  19  I'iscium  type  "  in 

Espin's  Catalogue  of  Red  Stars,  Cunningham  Memoirs, 
No.  V,  75.  Discovered  also,  independently  by  Mrs. 
Fleming. 


I'J  22.2.  I'ound  by  inspection  of  a  photograph  taken  as 
described  in  Circular  No.  29.  13  exposures  of  29"' 40* 
each  were  made  on  July  13,  1H99.  stopping  the  clock 
automatically  for  20"  after  each  exposure.  This  vari- 
ble  is  mentioned  in  the  Fifty-fourth  .\nnual  Report. 
Photometric  measures  show  that  its  maxima  are  repre- 
sented by  the  formula,  .7.1).  2,414,n5(;''.5(j(j  +0"'.5668  E. 
Range  0.83  magnitudes. 

21  35.7.  Discovered  visually  during  observations  of 
S  S  Cygni. 

23  49.4.  This  star  is  p  ('assio))eia'.  The  variation  although 
small,  has  been  confirmed  by  four  other  observers. 
The  8|>eetrum  closely  resembles  that  of  the  second 
type. 
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Measuros  have  been  made  of  a  iiiiuil>er  of  the  .stai>  in  the  ahovc  tables 
and  also  of  those  announced  without  magnitudes  in  pre\'ious  circulars.  The 
riu-ht  a.scensiou  and  declination  for  1900,  the  nundjer  of  plates  examined,  and  the 
bris^htest  and  faintest  photographic  magnitudes,  are  given  in  the  successive  columns 
.of  Table    ill.     The   last   column  gives  the   authoritv  for  the   variability. 
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K.  A.                Deo.             Xo. 

1 

Br. 

Ft.                  .Vutl.oiity. 

11.  A.               Dec. 

1 

No. 

Br. 

Ft. 

Authority. 

A.       m.    i       o       '     \ 

fi.       m.            o 

/ 

2  10.41-71   57     75 

9.6 

10.5  1  Table  11 

16  54.3 

-54 

55 

50 

9.9 

11.0 

Circular  24 

2  37.4-23     2 

68 

7.7 

8.6    Table  II 

17  34.7 

-57 

40 

43 

8.3 

9.8 

Circular  24 

6  28.1  i  -    8  48 

54 

9.0 

10.1    Circular  32 

17  45.7 

-51 

40 

56 

8.9 

12.4 

Circular  24 

S     1.7-38  29 

47 

0.3 

10.2    Circular  24 

17  47.3   -48 

17 

134 

9.7 

<12.3 

Table  I 

S     3.1    -22  38 

23 

9.4 

11.6    Circular  24 

18  13.6 

-15 

39 

8.5 

9.1 

Table  II 

8  24.7  ,  -    5  59 

48 

8.0 

9.6  i  Circular  24 

18  19.0 

-49 

42 

129 

11.3 

<12.7 

Table  I 

8  34.9;-    9  14 

70 

7.7 

9.0    Table  II 

18  23.7 

-45 

2 

107 

11.9 

12.6 

Table  II 

9  13.5: -65  49 

116 

10.9 

12.1    Circular  32 

19  10.5 

-50 

38 

113 

9.2 

10.6 

Table  I 

10     8.3! +60  31 

76. 

7.0 

8.3    Circular  32 

19  22.2 

+  42 

36 

191 

7.2 

8.1 

Table   I 

10  33.2  j- 61  48 

210 

10.1 

<12.5    Table  I 

19  37.1    +32 

23 

58 

8.7 

10.3 

Circular  24 

11  59.6  1-    5  13 

77 

7.2 

8.8    Circular  32 

20     3.3 

-60 

14 

75 

9.0 

10.2 

Circular  24 

12     2.1  j-    6  12 

80 

7.1 

8.3    Circular  24 

20  11.2 

-52 

56 

91 

10.5 

12.9 

Table  I 

13   15.1    -61     3 

55 

10.5 

11.3    Circular  24 

20  12.9 

-51 

1 

124 

8.1 

9.7 

Table  I 

14     1.7    +13  59 

30 

10.0 

13.0    Circular  24 

21   13.6 

-45 

27 

83 

7.2 

8.9 

Circular  24 

16  17.7   -51   42 

102 

11.0 

<12.3  I  Table  I 

23   19.2 

-17 

52 

73 

8.3 

<9.4 

Table  II 

EDWARD    C.    PICKERING. 
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THE   SPECTRUM   OF    {PUPPIS. 

The  presence  of  a  second  series  of  hydrogen  lines,  in  addition  totlie  ordinary 
series,  in  the  spectrum  of  ^Puppis,  was  announced  in  Circulars,  Nos.  12,  16,  and  18. 
Acciu'ate  wave  lengths  could  not  then  be  determined  for  the  less  refrangible  lines. 
Since  then,  measures  have  been  made  of  six  photographs  of  spectra  of  ^  Puppis, 
and  two  of  spectra  of  8  Orionis.  The  measurements  have  Ijeen  made  by  Miss  F. 
Cushman,  and  the  conversion  into  wave  lengths,  by  Mr.  Edward  S.  King,  with 
the  assistance  of  Miss  Cannon.  This  work  will  be  pubUshed  in  full  in  a  later 
volume  of  the  Annals.  Following  the  notation  proposed  by  Vogel  for  the  ordinary 
series  of  hydrogen  lines,  the  new  series  may  be  designated.  Ha',  H^',  Hy',  etc. 
The  great  difficulty  in  detemiining  the  wave  length  of  HyS',  wliich  is  approxi- 
mately 5414,  is  that  no  known  Unes  of  greater  wave  length  have  been  found  in 
the  spectrimi  of  ^Puppis.  Accordingly,  extrapolation,  which  is  always  uncertain, 
must  be  employed.  The  star,  S  Orionis,  besides  the  Une  B.^,  contains  also  the 
known  line  D3,  wave  length  5876,  which  thus  permits  the  wave  length  of  H^  to 
be  determined  by  interpolation.  These  lines  also  occur  in  e  Orionis,  and  probably 
in  other  stars  of  the  so  called  Orion  type.  It  is  greatly  to  be  desired  that  the 
spectra  of  these  stars  should  be  photographed  with  a  slit  spectroscope  attached  to 
a  large  telescope,  as  the  wave  lengths  of  these  lines  could  then  be  detemiined 
with  far  greater  accuracy  by  the  help  of  a  comparison  spectrum.  A  comparison 
of  the  mean  of  the  wave  lengths  given  in  Circular  No.  16,  with  those  recently 
determined,  and  with  two  computed  values,  is  given  in  tlie  foUomng  table.  The 
finst  of  these  is  given  in  Circular  No.  16,  and  is  a  slight  modification  of  Balmer's 

formula.     It  is   3646.1-  ~, — ,   in   which    ii   is  an   even   number  for  the  ordinarv 

H-  Id  I  • 

series  of  hydrogen  hues,  and  an  odd  number  for  the  additional  series.     The  second 
formula  is  ^  =  A -\- B^^^-\- C~.    This  form  was  proposed  by  Kaj'ser,  immediately 
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after  tho  aniioiincoineiit  of  the  discovery  of  this  series  of  lines.  If  we  accept  this 
formula,  it  Avoiild  appear  to  he  the  true  law  connecting  their  wave  lengths,  and 
would  render  them  comparalde  with  those  of  other  elements.  The  designation  of 
tlie  lines  is  gi\en  in  the  first  column  of  the  following  table,  the  mean  of  the  observed 
wave  lengths  given  in  Circular  No.  IG  is  contained  in  the  second  column,  and  the 
wave  lengths  derived  by  Mr.  King  in  the  third  column.  The  next  foiu*  colunms 
give  the  value  of  «,  taken  from  the  sixth  column  of  the  table  in  Circular  No.  10, 
the  computed  wave  lengths  taken  from  the  seventh  column  of  the  same  table, 
and  the  residuals  found  by  subtracting  the  computed  values  from  the  observed 
values   given   in   the   second    and    third    columns.     A    similar    comparison  with   the 

formula   ,  =  274G1  —  lilT'JO— ,  —  3.')20]0— ,,  is  contained  in  the  last  four  cohmnis  of 

A  m-  iir  ■ 

the  table. 


DCS. 

Cir.  16. 

Obs. 

„. 

Com  p. 

o-c. 

o-c. 

.. 

Comp. 

o-c. 

o-c. 

Ha' 

H/3' 
H/ 
H8' 
He' 

iir 
II,' 

Hi' 

4200.6 
4026.3 
3924.8 
3858.6 
3816.0 
3783.4 

5413.6 
4542.4 
4200.7 
4026.0 
'  3924.0 
3860.8 
3815.7 

5 
7 
9 
11 
13 
15 
17 
19 
21 

00 

10128.1 
5413.9 
4543.6 
4201.7 
4027.4 
3925.2 
3859.8 
3815.2 
3783.4 
3646.1 

-1.1 
-1.1 

-0.4 
-1.2 

+  0.8 
0.0 

-0.3 
-1.2 
-1.0 
-1.4 
-1.2 
+  1.0 
+  0.5 

3 
4 
5 
6 

7 
8 
9 
10 
11 
00 

10435.2 
5413.0 
4540.1 
4200.6 
4027.5 
3925.8 
3860.6 
3815.4 
3782.1 
3641.5 

0.0 
-1.2 
-1.0 
-2.0 
+  0.6 
+  1.3 

+  0.6 
+  2.3 
+  0.1 
-1.5 

-1.8 
+  0.2 
+  0.3 

It  will  be  noticed  that  the  two  computed  values  do  not  differ  very  greatly 
for  any  of  the  observed  lines.  The  thfference  is  greatest  for  Hy',  and  here  the 
observed  value  is  nearly  midway  between  the  two  comjjuted  values.  On  the  whole, 
the  observed  values  agi-ee  more  nearly  with  the  first  formula,  than  with  the  second. 
This  is  remarkable,  if  it  does  not  represent  the  true  law,  since  this  formida 
contains  no  arbitrary  con.stants.  There  is  only  one  constant,  and  that  is  determined 
^nith  great  accuracy  from  the  ordinary  series  of  hydrogen  lines.  The  second 
formula  contains  three  arbitrary  constants  which  are  selected  so  as  to  represent 
the  observed  values  as  nearly  as  possible.  A  least  square  determination  was  not 
considered    necessarv,    since    the    outstandino;    differences    from   ob.servation    were 
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e^•idently  .systematic,  and  not  accidental.  The  wave  length  when  m  or  n  is  infinite, 
coxild  be  accurately  measured,  but  unfortunately  these  lines,  like  tho.se  of  the 
ordinary  series,  do  not  appear  to  be  present  in  the  stars.  The  Avave  length  of 
the  line  Ha'  differs  greatly  according  to  the  two  formulas,  Ijut  no  means  as  yet 
exist  for  determining  radiations  of  such  great  wave  length  in  a  star. 

EDWARD    C.   PICKERING. 

Cambridge,  U.  S.,  Feb.   11,   1001. 
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Hakvard   College   Observatory. 
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ANDERSON'S    NEW    STAR   IN    PERSEUS. 

The  cable  message  auuouucing  the  discovery  of  a  new  star  in  the  constel- 
latiou  Perseus,  by  the  Rev.  T.  D.  Andersou,  was  received  at  the  Observatory 
early  iu  the  eveniug  of  February  22,  1901.  Owiug  to  clouds,  the  new  star  was  ouly 
occasionally  \dsible,  and  twice  it  was  necessary  to  cover  the  instruments  on  account 
of  falling  snow.  During  the  intervals,  however,  various  observations  were  made, 
which  have  a  value  owing  to  their  early  date.  Numerous  comparisons  by  Miss 
Cannon,  with  a  iVurigae,  magnitude  0.21,  a  Orionis,  magnitude  0.92,  and  a  Tauri, 
magnitude  LOG,  showed  that  the  magnitude  of  the  star  was  about  0.9.  Photo- 
metric comparisons,  by  Professor  Wendell  with  the  15  inch  telescope,  of  the  Nova 
with  the  star  +43°7.i)2,  magnitude  7.25,  at  14''  0'"  and  at  17''  25'",  Greenwich  Mean 
Time,  gave  the  magnitudes  0.35  and  O.o9,  respectively. 

Meanwhile,  an  examination  was  being  made,  by  Mrs.  ^Fleming,  of  the  photo- 
graphs of  the  region  obtained  here  earlier  in  the  month,  with  the  various 
instruments.  Although  photographs  are  taken  with  the  transit  photometer 
throughout  every  clear  night,  yet  owing  to  twilight,  they  cannot  be  taken  as 
early  in  the  evening  as  this  star  culminates.  Fortunately,  for  some  weeks,  the 
woi'k  of  the  transit  photometer,  which  only  photographs  objects  near  the  meridian, 
has  been  supplemented  l\y  photographs  with  Cooke  and  Ross-Zeiss  Anastigmat  lenses. 
With  these  instruments,  an  attempt  is  made  to  cover  the  entire  sky,  both  east 
and  west  of  the  meridian,  at  short  intervals.  The  completeness  with  which  this 
has  been  done  is  shown  by  the  fact  that  we  have  photographs  of  the  region  of 
the  Nova  with  the  Cooke  lens  on  February  8,  18,  and  1!'.  and  with  the  Ross- 
Zeiss  lens  on  February  2,  6,  18  and  19.  The  photograph  taken  with  the  Cooke 
lens  on  February  !!•  had  an  exposure  of  66'".  ])eginning  at  11''  18'"  Greenwich 
Mean  Time.  While  this  photograph  showed  not  only  the  faintest  stars  contained 
in  the  Durchmusterung.  Init  also  stars  as  faint  as  the  eleventh  magnitude,  no 
trace  of    the    Nova    was    seen.       This    result    was    confirmed    l)y    the    other    plates 
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mentioned  al)()ve.  A  general  examination  of  the  large  nnmber  of  earlier  plates 
of  this  region  did  not  seem  to  be  necessary.  Plates  taken  with  the  8  inch 
Baehe  telescope  a.'^  earh  as  November  (i,  Noveml>er  8.  and  December  12.  1887, 
fail  to  show  the  Nova,  although  the  spectra  of  stars  as  faint  as  the  eighth 
ma"-nitude  are  dearlv  visible  on  all,  and  those  of  tlie  ninth  magnitude  on  the 
plate  taken  on  November  G.  A  photograph  taken  with  the  '24  inch  Bruce 
telescope  on  Octolier  IS.  1894.  witli  an  exposure  of  I")'",  shows  no  trace  of 
this   object,    aithcmgh    stars   as    faint    as    the    magnitude    12. -3    are    well    seen. 

On  this  same  evening.  Fel)ruaiv  22,  18  photographs  were  taken  with  various 
instruments,  undei-  the  direction  of  Mr.  P]dward  S.  King.  They  showed  that,  photo- 
graphically, the  Nova  was  O.o  fainter  than  a  Aurigae.  The  general  appearance  of 
the  photographic  spectrum  resemljled  that  of  the  Orion  ty\w  and  was  very  unlike 
■  that  of  other  new  stars,  in  which  the  Ijright  lines  are  the  most  conspicuous  feature. 
This  star  had  a  strong  continuous  spectrum  traversed  by  3-3  dark  lines.  The 
approximatt'  wave  lengths,  as  derived  by  Hartniann's  formula,  from  the  measures  of 
He.  Hy  and  H^.  are  given  Ijelow.  Each  is  followed  by  its  relative  intensity,  and  by 
the  (hfference  found  1)V  subtracting  it  from  the  wave  length  of  the  corresponding 
line,  if  anv.  in  the  spe.'truin  of  ^  Oriouis.  As  the  lines  having  greater  wave  length 
than  0(1(111  have  thus  bi-en  determined  by  extrapolation,  they  may  be  .suljject  to  large 
systematic  errors. 

38!I4.  1(1.  H^. — •">:  3'.l7ll.  2n.  He.  (l;  402r..  3.  0;  4077.2.-1  :  41(t2.  3(1.  H8.  (t ; 
4121-).  -■).  +  2  :  4l.')l.  1.  — 4  :  42GG.  2.  +  1  :  J-Ul.  4(1.  Hy.  (I  :  43C.G.  1,  +  1  ;  4388,  2, 
(I:  44 1-').  1:  4430.  1 . -r  3  :  447(1.  2.  +  2  :  4481.  20.0:  4510.  2. —2:  4o3(t.  2  ;  4552, 
2:  4572.  1  :  4G1G.  1  ;  4G43.  1  :  4GG5.  3:  4714.  3.  —  1  :  48G2.  40.  H^.  0;  4885,  2; 
41122.  2.  0:  5.325.  1  :  53'.t!i.  1  :  5431.  1  :  5G77.  2;  5GU5.  7;  5710,  5;  and  5761.  1. 
On  careful  examination  the  lines  3970.  4102,  4341,  4481,  and  4862  were  seen  to  be 
bright  on  the  edge  of  greater  wave  length.  The  line  4665  was  bright  on  the  edge  of 
shorter  wave  length,  or  there  was  a  l)right  line  whose  approximate  wave  length  was 
466(1.     The  line  4026  was  not  measiu-ed.  l)ut  identified  from  its  position. 

On  February  23,  the  clouds  were  so  den.se  that  few  ol).scrvations  could  \)v  made. 
The  star  appeared  to  be  brighter  and  bluer  than  a  Aurigae  and  to  have  the  approxi- 
mate magnitude  0.(1.  The  spectrum  was  photographed  faintly  and  showed  no  marked 
change  except  that  tlu'  line  K.  which  was  al)sent  on  the  previous  evening,  was  pres- 
ent and  ui-arh   as  intense  as  He. 
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On  February  24,  it  became  clear  soou  after  noou,  and  at  one  o'clock  the  Nova 
was  seen  with  the  6  inch  Equatorial,  and  also  with  the  2  inch  finder,  in  strong  sun- 
light. In  the  evening,  the  magnitude  according  to  visual  comparisons,  was  0.-34, 
from  measures  with  the  15  inch  Equatorial.  0.59,  and  with  the  meridian  photometer, 
in  strong  daylight,  0.28.  Photographicallv  it  was  0.4  or  0.5  fainter  than  a  Aurigae. 
The  spectrum  showed  a  remarkable  change.  It  was  traversed  by  numei'ous  bi'ight 
and  dark  bands,  and  closely  resembled  that  of  Nova  Aurigae.  The  principal  lines 
were  dark  ^vith  accompanying  bright  lines  of  somewhat  greater  wave  lengtli.  The 
bright  lines  accompanying  K  and  He  were  reversed,  and  traversed  by  narrow  well 
defined  dark  lines.  These  last  lines,  and  one  of  somewhat  shorter  wave  length  than 
H^,  are  the  oidy  sharply  defined  lines  in  the  spectrum,  all  of  the  others  l)eing  broad 
and  hazy,  and  ditticult  to  inciisure  with  aecvu-acy. 

Clouds  interfered  with  observations  on  February  25,  but  the  Nova  was  evidently  ■ 
much  fainter  than  on  the  previous  evening.     Its  magnitude  from  \dsual  comparisons 
was  1.4,  from  photometric  measures,  1.07.     The  spectruni  differed  slightly  from  that 
on  February  24.     The  lines  H8.    Hy.  and   H/3  were  also  reversed  and   replaced  bv 
one  or  more  narrow  dark  lines. 

On  February  2(),  the  magnitude  from  visual  comparisons  was  1.^).  from  plioto- 
metric  measures   1.4'.l.     The  changes  in  the  spectrum  were  slight. 

Observations  of  the-  position  of  the  Nova  were  made  by  Mr.  J.  A.  Dunne,  with 
the  8  inch  mericUan  circle,  on  February  23.  24,  and  25.  with  the  result  for  I'.MKI.O. 
R.  A.  3"  24'"  24'.02,  Dec.  +43°  33'  42".4. 

It  therefore  appears  that  on  and  before  Fel)raarv  ID.  I'.IOl.  the  star  was  invisible, 
or  at  least  fainter  than  the  eleventh  magnitude.  On  Fel)ruary  21.  its  magnitude  was 
2.7,  according  to  Mr.  Anderson.  On  February  22,  its  magnitude  was  0.5,  perhaps 
becoming  a  little  brighter  on  February  23,  and  then  diminishing,  so  that  on  February 
25  its  magnitude  was  1.1.  Its  spectrum  on  February  22  and  23,  was  of  tlie  Orion  type, 
nearly  continuous,  traversed  by  narrow  dark  lines.  During  the  next  24  houi's  an 
extraordinary  change  took  place,  so  that  on  February  24  tlie  spectrum  resembled 
that  of  the  other  Novae.  It  was  traversed  l)v  l)riglit  and  dark  biiuds.  and  the  prin- 
cipal dark  lines  had  accompanying  bright  lines  of  slightl\-  greater  wave  length. 

Diu'ing  the  last  fourteen  years,  and  since  the  general  application  of  photography 
to  astronomy,  eight  new  stars  are  known  to  have  appeared.  Nova  Persei  in  1887  ; 
Nova    Aurigae,  in    1891;    Nova    Norniae.  in     1S93;    Nova    Cariiiae.   in    1895;    Nova 
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Ceutauri,  iu  1895;  Nova  Sagittarii,  in  1898;  Nova  Aquilae,  in  1899;  and  Nova 
Persei.  in  1901.  The  second  and  last  of  these,  which  were  mnch  brighter  than  the 
others,  were  found  visual!}'  by  Dr.  Anderson.  All  of  the  others  were  found  liy  Mrs. 
Fleming,  from  an  examination  of  the  Draper  Memorial  Photographs.  Nova  Aquilae 
was  announced  by  telegraph,  but  has  not  been  described  in  these  circulars.  Its 
position  for  1900  is  E.  A.  19''  15".o,  Dec.  —  0°  19'.  It  was  not  .seen  on  plates  taken 
on  Novemljer  1,  1898,  and  earlier,  although  stars  of  the  thirteenth  magnitude 
appeared  ou  some  of  them.  On  April  21,  1899,  it  was  seventh  magnitude.  It 
appears  on  eighteen  photographs  taken  during  that  summer,  and  on  October  27, 
1899,  it  was  tenth  magnitude.  In  July,  1900,  when  it  was  discovered,  it  was  about 
twelfth  magnitude.  Seven  bright  lines,  H^,  He,  HS,  Hy,  4693,  H/S,  and  the  nebular 
line  5007,  were  seen  in  the  spectrum  photographed  on  July  3,  1899.  On  September 
7,  1899,  Hy  and  a  somewhat  fainter  line,  which  is  probably  4959,  wei-e  the  only 
bright  lines  visible.  On  October  27,  1899,  Hy  and  5007  were  alone  visible  and 
bright,  .so  that  the  spectrum,  had  then  become  that  of  a  gaseous  nebula. 

EDWARD   C.  PICKERING. 

Februarv  27,  1901. 


Harvard  College  Obseryatory. 


^Q.'i 
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NOVA   PERSEI,   No.  2. 

The  early  observations  made  here,  of  the  new  star  in  Perseus,  are  described 
in  Circular  No.  56.  This  star  may  be  designated  Nova  Persei,  No  2,  to  distinguish 
it  from  the  star  in  R.  A.  1''  55"M,  Dec.  +56°  15',  which  appeared  in  this  constellation 
in  1887.  A  photograph  of  the  vicinity  of  the  Nova,  taken  with  the  Cooke  lens 
on  February  19,  1901,  with  an  exposure  of  66™,  beginning  at  11'' 18'"  G.  M.  T.,  is 
shown  in  Figure  1.  For  comparison,  a  similar  photograph  taken  on  Feljruary  26, 
1901,  with  an  exi)osure  of  56"*,  beginning  at  14''  32'"  G.  M.  T.,  and  showing  the 
Nova,  is  t!;iven  in  Fio-ure  2. 


Fk;.   2. 


The  accompanying  plate  gives  enlargements,  made  with  a  moving  plate,  of 
three  photographs  of  spectra  tiiken  with  the  11-inch  Draper  telescope.  The  first 
represents  the  new  star  in  Perseus  taken  on  February  22,  1901,  with  an  exposure 
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of  40'",  beginning  at  16"  08™  G.  M.  T.  The  second  represents  the  same  star  taken 
on  February  24,  1901,  with  an  exposure  of  66'%  beginning  at  14'' 43"' G.  M.  T. 
The  change  from  the  first  form  of  spectrum  to  the  second  must  have  been  very 
sudden.  A  plate  taken  through  dense  clouds  on  February  2-3,  with  an  exposure 
of  29'",  beginning  at  11"  37'"  G.  M.  T.,  showed  but  Uttle  change,  while  Professor 
Vogel  has  announced  that  a  photograph  taken  the  same  night  shows  a  spectrum 
traversed  by  several  broad,  hazy  bands.  The  third  spectrum  represents  Nova 
Aurigae,  taken  on  February  5,  1892,  with  an  exposure  of  123'",  beginning  at  11"  09'", 
G.  M.  T.  It  will  be  seen  that  the  second  and  third  spectra  closely  resemble  each 
other,  but  that  the  lines  in  Nova  Aurigaj  are  much  narrower  and  more  sharply 
defined.  The  later  photographs  of  the  spectrum  of  the  new  star  in  Perseus  show 
numerous  changes,  the  dark  lines  and  the  edges  of  the  bright  lines  lieing,  in  many 
cases,  well   defined. 

EDWARD    C.    PICKERING. 

March  1.^.   Uini. 
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VAEIABILITY   IN   LIGHT   OF   EROS. 

The  discovery  by  Dr.  Oppolzer  that  the  Ught  of  Eros  is  variable  suggests  some 
photometric  problems  of  great  interest.  If,  as  seems  probable,  we  assmiie  that  the 
vai-iation  is  due  to  the  rotation  of  the  planet,  we  can,  from  measures  of  its  light 
determine  the  time  of  rotation,  and  the  direction  in  space  of  the  axis  of  rotation. 
Owing  to  the  varying  position  of  the  observer  with  regard  to  the  planet,  much 
information  can  be  obtained  which  is  impossible  in  the  case  of  a  variable  star. 

Four  corrections  must  be  applied  to  the  observations.  First,  for  the  velocity  of 
light ;  second,  for  the  distance  of  the  Sun  and  Earth  ;  third,  for  phase  ;  and  fourth,  for 
the  direction  of  the  axis  of  rotation.  If  this  axis  were  pointed  towards  the  observer, 
no  variation  would  be  perceptible,  while  the  range  in  brightness  would  attain  its 
maximum  value  when  the  axis  was  at  right  angles  to  the  line  of  sight.  Neither  of 
these  conditions  can  be  fulfilled  exactl}^,  since  the  position  of  the  axis  is  probably 
nearly  fixed,  and  the  incUnation  of  the  orbits  of  Eros  and  the  Earth  would  make 
great  changes  in  this  angle.  Let  p  represent  the  complement  of  the  altitude  of  the 
Earth  above  the  equator  of  Eros,  which  \vill  be  equal  to  the  angle  between  the  axis 
of  Eros  and  the  direction  of  Eros  as  seen  from  the  Earth.  Let  v  denote  the  angle 
between  the  plane  passing  through  the  Earth  and  the  axis  of  Eros,  and  any  other 
plane  passing  through  the  axis  of  Eros,  assumed  as  an  origin.  A  most  important 
correction  depends  upon  i\  The  time  of  all  the  observations  must  be  corrected  by 
an  amount  equal  to  v  cUvided  by  360°  and  multiplied  by  the  period  of  variation.  As 
a  first  approximation,  we  may  assume  that  the  axis  of  Eros  is  parallel  to  that  of  the 
Earth,  and  that  the  plane  passing  through  the  vernal  equinox  is  taken  as  an  origin. 
In  that  case,  *'  vnW  equal  the  right  ascension  of  Eros.  As  stated  above,  if  yj  =  0° 
there  will  be  no  variation  in  light,  and  the  range  will  be  zero.  If  j)  =  90°,  the  range 
\\\\\  attain  its  maximum  value.  For  intermediate  values  of  p,  we  may  assume  that 
the  range  will  be  proportional  to  coup.  The  changes  in  the  range  may  he  iised  to 
determine  the  value  of  p,  and  from  it  the  position  of  the  axis  of  Eros.  E(iuations 
may  be  formed  in  which  p  and  i\  or  p  alone,  are  the  luiknown  quantities  from  which 
Ave  may  derive  the  approximate  position  of  the  axis.      Besides  observations  at  the 
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present  time,  it  will  be  necessary  to  determine  the  light  curve  when  Eros  is  in  several 
other  portions  of  the  sky,  determining  the  range  and  also  the  times  of  maximum  and 
minimum  as  accurately  as  possible.  The  rapid  motion  of  Eros  renders  it  difficult  to 
compare  the  observations  on  different  nights,  without  using  different,  and  in  some 
cases  distant,  comparison  stars.  Fortunately,  the  change  in  light  is  so  rapid  that 
consecutive  observations  of  a  large  part  of  the  light  curve  can  generally  1)6  made. 
The  opposition  of  189-4  would  have  been  particularly  favorable  for  these  studies, 
since  the  declination  changed  from  +  57°  to  —  14°  in  a  few  months,  and  would  thus 
have  furnished  large  coefficients  for  determining  the  value  of  p,  although,  as  shown 
below,  the  range  seems  to  have  been  small  at  that  time. 

A.ssuming  that  the  variation  in  light  of  Eros  is  due  to  its  rotation,  two  explana- 
tions may  be  offered  as  in  the  case  of  variable  stars  of  short  period  (Proc.  Amer. 
Acad.,  1881,  XVI,  257).  First,  that  Eros  is  darker  on  one  side  than  on  the  other, 
as  is  probably  the  case  with  lapetus,  the  outer  satellite  of  Saturn,  and  secondly,  that 
it  is  elongated,  or  doul)le,  as  has  been  assumed  by  M.  Andre  and  othei's  (Astron. 
Nach.  155,  30).  In  the  first  case,  the  successive  maxima  would  always  have  the 
same  intensity,  and  would  succeed  each  other  at  equal  intervals  wliich  would  be 
ecpial  to  the  ])eriod  of  revolution.  The  same  would  be  true  for  the  minima.  In  the 
second  case,  if  the  two  bodies  differed  in  diameter,  the  successive  maxima  and  minima 
might  have  unequal  intensities,  and  if  the  orlut  were  elliptical  the  intervals  between 
them  would  l)e  alternately  long  and  short.  This  seems  to  be  the  case  with  Eros, 
and  the  first  hypothesis  seems  therefore  improbable. 

On  the  other  hand,  if  the  variation  in  light  is  caused  by  tw(j  similar  bodies 
alternately  eclipsing  each  other,  it  is  difficult  to  see  how  more  than  half  the  light 
can  be  cut  off"  in  each  case,  and  the  minima  more  than  three  quarters  of  a  magnitude 
fainter  than  the  maxima.  It  then  becomes  necessary  to  assume  that  the  two  bodies 
are  of  unc(nial  brightness,  that  they  are  elongated,  or  that  we  have  a  single  body  of 
the  shape  of  a  dundj-bell.  Some  observers  have  found  the  minima  two  magnitudes 
fainter  than  the  maxima.  To  account  for  this,  we  should  be  obliged  to  assume  that 
one  axis  of  the  body  was  six  times  as  long  as  that  at  right  angles  to  it.  Observations 
show  that  the  light  of  Eros  is  continually  varying,  while  if  the  case  were  that  of 
a  simple  eclipse,  as  in  the  stars  of  the  Algol  type,  we  should  expect  that  it  would 
retain  its  full  brightness  for  a  large  portion  of  the  time. 

If  the  bodies  were  of  the  same  size,  and  the  orbit  circular,  it  might  be  impossible, 
from  the  light  curve,  to  distinguish  between  the  two  hypotheses.  The  fourth  of  the 
corrections  mentioned  al)ove,  however,  furnishes  a  means  of  distinguishing  between 
them  in  any  case.     If  the  body  is  dark  on  one  side,  the  time  of  revolution  will  equal 
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the  interval  between  the  successive  maxima,  and  the  correction  for  the  position  of 
the  observer  mil  be  proportional  to  this  qnantit}-.  If  then  the  position  changes  180°, 
the  correction  will  be  one  half  the  interval  between  the  successive  maxima.  In  the 
second  case,  the  time  of  revolution  will  be  double  this,  that  is,  equal  to  the  interval 
between  a  given  maximum  and  the  next  but  one,  so  that  the  correction  for  position 
will  now  be  twice  as  great  as  before,  and  approximately  equal  to  the  interval 
between  the  successive  maxima. 

Much  material  already  exists  for  determining  the  constants  mentioned  above. 
Several  of  the  photographs  of  Eros  taken  in  1893,  1894,  and  189G,  had  an  exposure 
of  an  hour  or  more.  Owing  to  the  motion  of  Eros,  it  formed  a  trail  on  each  of  these 
plates,  which  in  some  cases  shows  distinct  variations  in  biightness.  This  was  noticed 
when  the  plates  were  first  examined,  but  was  supposed  to  be  due  to  changes  in  the 
haziness  of  the  air.  As  this  is  an  easy  method  of  cUscovering  the  variability  of  an 
asteroid,  it  is  hoped  that  astronomers  engaged  in  a  photogi'aphic  search  for  such 
objects  will  examine  carefully  all  trails,  to  detect  any  changes  in  intensity.  An 
examination  of  forty-one  asteroid  trails  photographed  with  the  Bruce  telescope,  seven 
of  them  on  a  single  plate,  failed  to  show,  except  in  one  or  tAvo-  instances,  any  change 
be3-ond  that  apparently  due  to  varying  atmospheric  absorption.  Generally,  more 
than  one  asteroid  appeared  on  each  plate,  and  in  such  cases  all  showed  the  same 
changes  in  intensity. 

The  photographs  of  Eros  taken  in  1893  and  1894  fail  to  show  any  marked 
variations  in  Ught,  and  it  is  probable  that  the  range  was,  at  that  time,  small.  Tl>e 
first  three  photographs  were  taken  on  October  28,  30,  and  31,  1893,  and  included 
the  same  region,  so  that  Eros  could  be  compared  with  the  same  stars  on  all.  On 
the  first  photograph  it  was  estimated  to  l)e  0.20  magn.  fainter,  and  on  the  second 
0.17  magn.  fainter  than  on  the  tliird.  The  corresponding  times,  expressed  in  Julian 
Days  and  fractions  following  Greenwich  Mean  Noon,  are  2,412,765.913,  2,412,767.846, 
and  2,412,768.890,  respectively.  The  corrections  mentioned  above  for  velocity  of 
light,  and  for  the  position  of  the  Earth,  have  not  been  appUed.  No  conclusions 
can  be  drawn  from  the  jjlates  taken  on  JanuarA'  1  and  8,  1894.  The  plate  taken 
on  January  30,  1894,  shows  that  the  light  was  nearly  constant  during  the  first 
30'"  of  the  exposure.  The  Bruce  plate  taken  on  February  5,  1894,  shows  that  the 
light  was  nearly  constant  during  the  first  12'"  of  the  exposure,  diminishing  by 
about  0.4  magn.  during  the  remainder  of  the  exposure.  A  maximum  is  therefore 
indicated  at  about  2,412,865.622. 

The  plates  taken  during  1896  give  more  conclusive  evidence  of  changes.  The 
plate  taken  on  April  6,  sliowed  an  increase  of  light  during  the  first  part  of  the  expo- 
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sure,  and  indicated  a  probable  but  somewhat  imcertain  maximum  at  2,413,656.890. 
One  plate  was  taken  on  June  4,  and  two  on  June  o.  The  first  of  these  images  was 
estimated  to  be  0.20  magn.  fainter,  and  the  third  0.83  magn.  fainter  than  the 
second.  The  first  also  inchcated  a  maximmn  at  about  2,413,715.702.  The  times  of 
the  three  plates  were  2,413,715.694,  2,413,716.829,  and  2,413,716.919.  A  maximum 
is  indicated  by  the  plate  taken  on  June  29,  at  about  2,413,740.803.  The  Bruce  plate 
taken  on  June  30,  shows  a  probable  increase,  followed  b}"  a  very  marked  decrease, 
and  indicating  a  maximum  at  2,413,741.561. 

The  photometric  measures  made  in  1898,  and  described  in  H.  C.  0.  Circular 
No.  34  (Astron.  Nach.  147,  363),  furnish  an  accurate  determination  of  the  times  of 
maximum,  and  of  the  range  for  that  epoch. 

A  very  large  number  of  photometric  measures  of  Eros  have  been  made  since 
Jul}^,  1900.  Observations  have  been  obtained  with  the  15-inch  Equatorial  on  51 
nights,  the  number  of  photometric  settings  each  night  being,  in  general,  32,  but 
sometimes  more.  It  has  also  been  observed  on  56  nights  with  the  12-inch 
horizontal  telescope,  32  or  more  settings  being  made  each  night.  Some  months 
^\•ill  be  requii-ed  to  reduce  these  observations  completely,  owing  to  delay  in 
adopting  magnitudes  of  the  comparison  stars.  It  is  hoped,  however,  to  issue 
shortly  another  Circular  gi^'ing  the  results  of  a  preliminary  discussion  of  these 
oljservations,  and  of  those  described  above. 

EDWARD    C.   PICKERING. 
Ai'Kii.  24,   1901. 


Harvakd   College   Observatory. 
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SPECTRUxM   OF   NOVA   PERSEI    N0.2. 

The  star  Nova  Persei,  Xo.2,  has  now  become  so  faint  tliat  its  spectrum  can  no 
longer  be  photographed  satisfactorily  with  a  large  dispersion.  Moreover,  it  is,  at  sun- 
set, so  low  in  the  northwest  that  it  cannot  be  observed  to  advantage  in  the  evening. 
A  series  of  photographs  of  its  spectrum,  ever  since  its  appearance,  has  been  made  with 
the  1 1  inch  Draper  telescope.  At  first,  two  prisms  were  used  giving  a  spectrum  in 
which  the  distance  from  He  to  H/3  is  3.76  cm.  After  March  19,  it  was  found  that, 
owing  to  the  diminishing  light,  better  results  could  be  obtained  with  one  prism,  giving 
a  spectnmi  in  which  the  distance  from  He  to  H/3  is  1.80  cm.  Meanwhile,  a  second 
series  of  spectra  has  been  obtained  with  the  8  inch  Draper  telescope  with  much  smaller 
dispersions,  the  distances  between  the  lines  He  and  H/S  being  0.57  cm.,  and  0.14  cm., 
respectivel}^  Care  was  taken,  when  the  Nova  was  bright,  to  allow  the  spectrum  to 
trail,  or  to  give  it  a  rapid  motion  over  the  plate,  so  that  it  should  not  be  over- 
exposed with  these  small  dispersions.  These  photographs  will,  therefore,  be  com- 
parable with  those  taken  when  the  star  becomes  verv  faint.  It  is  expected 
that  the  spectrum  can  thus  be  studied  even  when  the  star  is  of  the  tenth 
magnitude  or  fainter,  although  its  light  will  have  diminished  more  than  ten 
thousand  times.  The  series  of  spectra  taken  with  the  11  inch  Draper  telescope 
is  now  completed,  unless  the  star  should  again  become  bright.  A  careful  study 
of  these  photographs  has  been  made  by  Miss  Annie  J.  Cannon  and  will  be 
published  in  the  Annals.  A  lu'iof  summary  of  the  results  is  given  below. 
The  principal  bright  lines  are  accompanied  by  dark  lines  on  the  edge  of  shorter  wave 
leno;th.  All  of  the  wave  leno'ths  have  been  referred  to  the  centres  of  these  briajht 
lines,  since  after  March  23  the  dark  hydrogen  lines  disappeared. 

A  description  of  the  spectrum  of  Nova  Persei,  No.  2,  as  photographed  here 
on  February  22,  23,  and  24,  1901,  is  given  in  Circular  No.  56.  Plates  taken 
since  February  24  sliow  numerous  changes.  Narrow  dark  lines,  probably  due 
to  reversal,  appeared  upon  the  In'ight  bands,  and  the  latter  increased  in  mtensity 
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with  respect  to  the  continuous  spectrum.  The  dark  bands  became  narrower, 
and,  in  some  cases,  separated  into  two  or  more  parts.  A  peculiar  dark  band 
between  Hrj  and  H^.  and  exteniling  from  3845  to  3856,  which  was  as  intense 
as  H^  on  February  24,  faded  ver^*  rapidly  and  was  not  seen  after  February  28. 
A  dai'k  band  near  HS.  and  haying  waye  length  4056  to  4U69  on  Februai-y  24, 
showed  peculiar  changes  in  intensity,  width,  and  waye  length.  The  dark  l)ands 
of  hydrogen  became  double,  and  then  grew  fainter,  and  in  place  of  the  hazy 
bands  two  narrow,  dark  lines  appeared.  The  dark  band  K  also  became  double 
and  decreased  in  intensity.  On  jNIarch  17.  H^,  He.  H8.  and  Hy.  each  consisted 
of  a  narrow,  sharply  defined,  dai'k  line,  and  on  the  most  cai'eful  inspection, 
an  extremely  faint  component,  well  separated,  was  seen  towards  the  yiolet.  H/3 
was  clearly  double,  the  faint  component  being  well  marked.  The  Avide  dark  band, 
K.  had  entirely  disappeared,  and  a  narrow  dark  line  remained,  which  was  only 
slightly  more  intense  than  the  reyersed  K. 

On  March  lU,  there  appears  to  haye  Ijeen  a  peculiar  change  in  the  spectrum. 
No  dark  lines  Avere  present,  except  the  fine  lines  due  to  reversal  superposed  on  the 
bright  bands,  and  the  continuous  spectrum  was  almost  inyisible.  The  line  K  was 
absent.  The  j^late  on  this  date  was  taken  with  two  prisms  and  exposed  12(1'".  A 
peculiar  broadening,  or  tUsplacement  towards  the  yiolet,  of  the  bright  band  H^  had 
taken  place  since  JNIarch  17.  On  March  19,  this  band  extended  more  than  half  way 
to-Hij.  On  March  23.  the  continuous  spectrum  was  present  and  narrow  dai'k  lines 
were  seen  on  the  edges  of  shorter  waye  length  of  the  bright  lines  He.  H8,  and  Hy. 
Thi-ee  other  dark  bauds  were  present,  and  several  bright  bauds  besides  those  of  hydi-o- 
gen.  The  positi(m  of  H^  was  normal.  On  Marcli  27,  a  strong  continuous  spectrum 
was  seen,  but  the  dark  components  of  the  hydrogen  bands  were  absent,  and  have  not 
been  seen  since.  A  well  marked,  narrow,  dark  line  was  present  at  wave  length  3865, 
and  a  fainter  dark  line  at  3860.  Tliere  was  a  liazy,  dark  band  extending  from  3806 
to  3827.  and  a  bright  l^and  from  4453  to  4489,  both  of  which  appeared  to  coincide  with 
helium  lines.  The  position  of  H^  was  noi'mal.  On  March  30,  the  spectrum  was  like 
that  of  Marcli  27.  except  that  line  3865  was  more  intense,  and  3860  was  not  seen. 
The  continuous  spectrum,  which  was  very  intense,  was  photographed  far  into  the  yio- 
let, but  no  lines  were  distinctly  seen  beyond  a  hazy,  dark  band  which  extended  from 
wave  length  3775  to  3794.  The  bright  band  4908  to  4942  was  very  faint,  and  the 
band  4990  to  5040  was  brighter  than  the  magnesium  l)and.  b.      On  April  1.  the  spec- 
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triim  was  nearlj-  the  same  as  on  March  30.  Owing  to  a  long  period  of  cloudy  weather, 
no  good  plates  were  obtained  from  April  1  to  April  12.  when  a  peculiar  spectrum  was 
l^hotographed.  H^  appeared  to  be  missing,  and  near  its  place,  there  was  a  bright 
band  as  intense  as  HyS,  whose  centre  was  o87-3.  This  baud.  He,  and  H8,  were  very 
sharply  defined  towards  the  red,  and  hazy  towards  the  ^•iolet.  It  is  of  interest  to  note 
that  a  dark  band  of  well  marked  intensity  occurs  in  the  spectrum  of  y  Velorum  at 
wave  length  3875.  A  peculiar  bi-ight  line  appeared  in  the  Nova  on  April  12  near 
Hy,  on  the  side  of  greater  wave  length.  The  wave  length  of  this  line  is  4384,  and  it 
was  quite  sharply  defined  towards  the  i-ed  while  the  space  between  it  and  the  bright 
band  Hy  appeared  somewhat  like  a  faint  bright  band.  On  April  13,  the  position 
and  intensity  of  H^  were  normal,  and,  although  the  plate  was  poor,  the  spectrum 
was  not  of  the  peculiar  type  of  April  12.  This  pecuUar  spectrum  was.  however, 
photographed  again  on  April  26,  when  the  peculiarities  were  even  more  marked  than 
on  April  12.  Band  3875  was  the  most  intense  bright  band  on  April  26.  Band  4990 
to  5040  had  also  increased  in  intensity,  while  H8  and  H/3  had  diminished.  Hy  was 
more  intense  than  H/8.  The  continuous  spectrum  was  absent.  Bands  4908  to  4942, 
and  the  magnesium  band,  b,  were  not  seen.  On  April  27,  the"  spectmim  was  again 
normal.  Band  3875  was  absent,  and  the  continuous  spectrum  was  of  well  marked 
intensity.  In  general,  the  spectrum  appeared  to  be  like  that  of  March  30.  On  April 
28,  the  spectrum  was  again  peculiar,  and  like  that  of  April  26.  The  bright  bands 
which  were  very  sharply  defined  on  the  edge  of  greater  wave  length  on  April  1 2,  were, 
on  April  26,  sharply  defined  on  the  edge  of  shorter  wave  length.  When  the  plate 
taken  on  April  12  is  superposed  upon  that  of  April  26,  this  difference  in  the  definition 
of  the  bands  is  very  striking. 

On  May  1  and  3.  the  spectrum  was  peculiar  and  like  that  of  April  28.  Photo- 
graphs were  attempted  on  Ma}-  6  and  7,  but  the  Nova  was  evidently  too  low  and  the 
glare  of  sunset  prevented  success.  Notliing  is  seen  on  the  plates.  It  thus  appears 
that  two  types  of  spectra  have  been  visible*  from  March  19  to  Ma}'  3.  Photographs 
of  the  peculiar  spectrum  were  obtained  on  Mai-cli  19,  April  12,  26,  28,  May  1.  and  3 ; 
of  the  normal  spectrum  on  March  23,  27,  30,  April  1,  13.  and  27.  It  is  interesting 
to  note  the  connection  between  the  changes  in  the  spectrum  and  in  the  light  of  the 
Nova,  for  on  all  the  dates  on  which  the  peculiar  spectrum  Avas  photographed,  a  mini- 
mum occurred,  according  to  the  Harvard  visual  antl  phntometric  obsei'vations.  except 
on  April  12.     The  magnitude  of  the  star  was  the  same  on  April  12  and  13.  while  the 
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spectrum  was  ditfereat.  On  April  26  and  28,  however,  there  occurred  marked  min- 
ima, and  the  peculiar  spectrum  was  photographed  on  both  dates,  while  on  the  inter- 
mediate evenmg,  April  27,  when  the  Nova  was  about  a  magnitude  and  a  half  brighter 
than  on  either  the  preceding  or  following  night,  the  spectrum  was  normal. 

The  following  table  shows  the  connection  between  the  spectrum  and  the  magni- 
tude of  the  Nova.  The  first  column  gives  all  the  dates  on  which  the  Nova  was  suc- 
cessfullv  photographed  at  Harvard  with  the  11  inch  telescope  from  March  17  to  May 
3, 19Ul.  The  second  column  gives  the  character  of  the  spectrum.  The  third  column 
gives  the  magnitude  from  visual  observations  reduced  to  the  photometi'ic  scale. 

IIELATIOX    (W   SVECTUVM    TO    >[AGXITrDE. 


Datk. 

Spectrim. 

JIagn. 

Date 

Sl'ECTlil'M. 

Macs. 

Date. 

Spectrum. 

Magx. 

:Mar.  17 

Xonual 

;J  s 

Aiiril     1 

Xormal 

4.1 

April  -27 

Normal 

4.2 

••       19 

Peculiar 

;xO 

'•      ll> 

Peculiar 

4.6 

■'      28 

Peculiar 

5.4 

•'       23 

X'ormal 

1     ii.6 

"     13 

Normal 

4.() 

May     1 

Peculiar 

5.3 

"      lii 

Normal 

'     4.1 

'•     '2G 

Peculiar 

Ji.8 

3 

Peculiar 

5.5 

"      :J0 

Xoriiial 

-l.-J 

THE   SPECTRUM  OF   rj  CARINAE. 

On  April  16,  1898,  Mi.ss  Cannon,  while  e.\;amining  plate.s  taken  iu  Arequipa  for 
the  classification  of  stellar  spectra,  recorded  the  statement  regarding  Nova  Aurigae. 
"Spectrum  made  up  almost  entirely  of  bright  bands  that  coincide  in  position  with 
those  of  7]  Carinae."  This  is  followed  by  a  detailed  descripticni  of  the  spectrum  of 
7)  Carinae,  and  a  comparison  with  the  .spectrum  of  Nova  Aurigae,  includmg  the  bright 
and  dark  hydrogen  lines,  which  is  incorporated  iu  the  Remarks  iu  the  Ainials.  Vol. 
XXVIII,  page  175,  now  in  the  hands  of  the  printer.  Photographs  pointing  out  this 
resemblance  were  contained  in  the  exhibit  of  the  Harvard  Observatory  at  Paris  in 
19(10.  and  are  now  in  the  Buffalo  Exhilntiou. 


EDWARD    C.  PICKEIMNG. 


June  6,  1901. 


Haryard  College  Observatory. 

CIRCULAR    No.    60. 
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OBJECTS   HAVING    PECULIAR   SPECTRA. 

A  LIST  of  stars  having  peculiar  spectra,  and  found  hy  Mrs.  Fleming  from  an 
examination  of  the  Draper  Memorial  photographs,  is  given  in  the  annexed  table. 
The  designation  of  the  star,  its  approximate  right  ascension  and  declination  for 
1900,  its  catalogue  magnitvide,  and  a  brief  description  of  its  photograpliic  spectrum, 
are  given  in  the  successive  columns  of  the  table.  The  remarks  following  the  table 
furnish  additional  details  of  the  spectrum  and,  in  some  cases,  a  more  accurate 
determination  of  the  po.sition  as  derived  from  a  photograph,  when  the  object  is 
not  a  catalogue  star. 

TABLE    I. 

PECULIAH    SPECTRA. 


Desiffll- 

11.  A. 

1900. 

D«-. 

1900. 

M!.gn. 

Description. 

h.       m. 

0  56.0 

-72  42 

Type  V.     Gal.  long.  268°  10',  lat.  -  45°  15'. 

1     6.2 

-73  44 

Gaseous  nebula.     Gal.  long.  267°  29',  lat.  -44°  9'. 

4  49.9 

-69  21 

Gaseous  nebula.     Gal.  long.  247°  21',  lat.  —35°  41'. 

4  52.6 

-69  33 

Gaseous  nebula.     Gal.  long.  247°  31',  lat.  —35°  24'. 

4  55.1 

-69  21 

Gaseous  nebula.     Gal.  long.  247°  13',  lat.  —  35°  14'. 

4  55.t 

-66  26 

Type  V.     Gal.  long.  243°  42',  lat.  -  35°  50'. 

4  56.8 

-66  32 

Gaseous  nebula.     Gal.  long.  243°  48',  lat.  -  35°  42'. 

4  57.3 

-66  33 

Gaseous  nebula?     Gal.  long.  243°  48',  lat.  -35°  39'. 

4  57.5 

-68  35 

Gaseous  nebula?     Gal.  long.  246°  15',  lat.  —35°  12'. 

4  57.8 

-68  33 

Type  V.     Gal.  long.  246°  12',  lat.  -35°  11'. 

5     0.4 

-70  20 

Type  I.     PI/3  and  Ily  bright. 

5     3.0 

-66  49 

Type  V.     Gal.  long.  244°  0',  lat.  -  35°  3'. 

5  10.2 

-69     0 

Type  V.     Gal.  long.  246°  27',  lat.  -  34°  0'. 

5  10.3 

-69     1 

Type  V.      Gal.  long.  246°  28',  lat.  -  33°  59'. 

5  13.8 

-67  29 

Type  V.     Gal.  long.  244°  35',  lat.  -  33°  54'. 

5  14.8 

-69  25 

Type  V.     Gal.  long.  246°  52',  lat.  -  33°  31'. 

5  22.2 

-68     3 

(iaseous  nebula.     Gal.  long.  245°  8',  lat.  —  33°  3'. 

5  22.5 

-68     4 

Gaseous  nebula.     Gal.  long.  245°  9',  lat.  —  33°  1'. 

5  23.9 

-71  43 

Type  V.     Gal.  long.  249°'26',  lat.  -  32°  25'. 

5  24.6 

-71  26 

Type  V.     Gal.  long.  249°  5',  lat.  -  32°  24'. 

5  26.4 

-67  35 

Type  V.     Gal.  long.  244°  32',  lat.  -  32°  42'. 

5  27.1 

-68  55 

Type  V.     Gal.  long.  246°  6',  lat.  -32°  31'. 

5  35.6 

-67  39 

Gaseous  nebula.     Gal.  long.  244°  32',  lat.  -31°  50'. 
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Dt-sigu. 

K.A. 
1900. 

Dec. 
1900. 

.M.ig 

n.                                                          Dcsiiiptiuu. 

h.       m. 

o         / 

5  36.2 

-69  45 

Type  I.     n/3,  Ily,  and  118  bright. 

5  36.8 

-69  44 

Type  I.     up,  Hy,  and  IIS  bright. 

5  37.6 

-69  30 

Type  V.     Gal.  long.  246°  41',  lat.  -  31°  32' 

5  37.7 

-69  16 

Type  V.     Gal.  long.  246°  25',  lat.  -31°  32' 

5  40.7 

-69  27 

Type  V.     Gal.  long.  246°  37',  lat.  -  31°  16' 

5  40.9 

-69  27 

Type  V.     Gal.  long.  246°  37',  lat.  -  31°  14' 

5  41.4 

-69  43 

Gaseous  nebula.     Gal.  long.  246°  55',  lat.  — 

31°  11'. 

Lines  5007,  II/3,  Hy,  HS  and  He,  bright. 

A.G.C.  8991 

7     3.2 

-23  41 

6.J 

5      Type  I.     H^  bright. 

Z.C.  10''    1363 

10  19.4 

-59     8 

8.i 

i      Type  I.     Hfi  bright. 

Z.C.  10"    2112 

10  30.3 

-47  53 

9 

Peculiar. 

C.  P.  D.  -  58° 

2845    10  49.7 

-58  59 

9. 

i      Type  V.     (ial.  long.  256°  13',  lat.  +0°  4'. 

C.  P.D. -61° 

2577    11  39.6 

-61  43 

9.< 

)      Type  V.     Gal.  long.  262°  55',  lat.  -  0°  33'. 

Z.C.  11''    3668 

11  54.8 

-58     2 

9 

Peculiar. 

13  26.4 

-65  28 

Gaseous  nebula,     (^al.  long.  274°  48',  lat.  — 

3°  54'. 

-17°    3961 

13  50.3 

-17  45 

8.( 

)      Peculiar. 

-43°    9005 

14  16.1 

-43  41 

1( 

'      Gaseous  nebula.     Gal.  long.  287°  45',  lat.  +15°  1'     | 

Z.C.  14''    970 

14  16.9 

-47     4 

9. 

5      Type  IV. 

15     7.1 

-59  28 

Type  V.     Gal.  long.  287°  43',  lat.  -  2°  35'. 

C.  P.  D.  -  65° 

3171    15  46.7 

-65  52 

9. 

2      Peculiar. 

-40°    11127 

16  58.1 

-40  44 

9. 

3      Gaseous  nebula.     Gal.  long.  313°  11',  lat.  — 

1°4'. 

17     8.5 

-55  16 

Gaseous  nebula.     Gal.  long.  301°  55',  lat.  — 

10°  22'. 

-49°   11366 

17  14.6 

-49  22 

1( 

)      Peculiar.     Gal.  long.  307°  49',  lat.  -  8°  27'. 

Z.C.  17''    1520 

17  24.4 

-51     0 

8 

Peculiar. 

-33°   12168 

17  26.5 

-33  33 

9. 

?      Type  V.     Gal.  long.  322°  18',  lat.  -1°  35'. 

17  33.5 

-57  52 

Peculiar. 

17  38.1 

-44  52 

Gaseous  nebula.     Gal.  long.  313°  51',  lat.  — 

9°  27'. 

A.  G.  C.  24406 

17  52.7 

-36     0 

7. 

2      Type  V.     Gal.  long.  320°  0',  lat.  -  7°  27'. 

17  52.8 

-56  16 

Type  I.     H/3  bright. 

-43°  12354 

18     5.9 

-43  43 

1( 

'       Peculiar. 

18  11.1 

-46     2 

Gaseous  nebula.     Gal.  long.  315°  31',  lat.  — 

15°  7'. 

-16°    4904 

18  24.6 

-16  59 

9. 

B      Type  IV. 

18  27.9 

-22  43 

Gaseous  nebula.     G.al.  long.  338°  27',  lat.  — 

7°  57'. 

-1.3°    5083 

18  38.7 

-13  20 

9. 

I      Type  IV. 

-    4°    4678 

18  58.7 

-   4  28 

9. 

)      Type  V.     Gal.  long.  358°  16',  lat.  -6°  13'. 

-    9°    5069 

19  11.0 

-    9  14 

1( 

)       Gaseous  nebula.     Hal.  long.  355°  22',  lat.  — 

11°  7'. 

-50°  1291 -< 

21)   12.0 

-  50     8 

1( 

)       Type  IV. 

A.     m. 

0  56.0.     Position   for   187.5,  R.  .\.  =  0*  55'"  lO^.S,   Dec.  = 

—  72°  50'  l.s".  This  fifth  tvpe  star  is  in  the  Small 
Jfagcllanic  rioud,  and  is  the  onlr  object  of  its  class  so 
far  found  in  tliis  re^on. 

1  C.2.     Position    for    1850,    R.  .\.  =  1''  i'"  4.-.'.2,    Dee.  = 

—  73°  59'  43".  This  neliula  is  in  the  Small  Magellanic 
Cloud. 


i  49.9.  This,  and  the  following  twenty-seven  objects  are 
in  the  Large  Magellanic  Cloud.  The  number  of  stars 
of  tlie  fifth  type,  in  this  region,  is  thus  increased  from 
six  to  twentj'-one. 

4  57.3.  A  bright  line  appears  near  lIjS  in  the  spectrum  of 
this  faint  object.  In  such  cases,  the  only  way  to  decide 
whether  the  object  is  a  gaseous  nehul.i,  a  star  of  the 
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first  type  having  the  hydrogen  line  H/3  hright,  or  a  star 
of  the  fifth  type,  is  to  see  if  the  wave  k-ngtli  of  tliis  line 
is  greater  than,  equal  to,  or  less  than  that  of  H/3.  This 
is  done  hy  superposing  a  ehart  plate  of  the  region  on 
a  spectrum  plate,  so  that  the  images  of  adjacent  stars 
on  the  former  coincide  with  the  hydrogen  line  H^  in 
the  images  on  the  latter  plate.  Owing  to  the  faintness 
of  this  object  and  the  small  dispersion,  it  is  difficult  to 
determine  the  exact  position  of  the  bright  line. 

4  57.5.     See  i'' 57'".3. 

5  40.7.     This  object  was  announced  as  a  gaseous  nebula  in 

N.  G.  0.  2081,  Circular  No.  19.     An  esaraination,  by 
the  method  described  above   (see  4'' 57"'. 3),  however, 
shows  that  the  spectrum  is  of  the  fifth  type. 
7  3.2.     The  bright  hydrogen  line  in  the  spectrum  of  this 
star  was  found  by  Miss  Cannon. 

10  30.3.     Z.  C.  10*2112.     A  broad  dark  band  in  this  spec- 

trum, of  somewhat  shorter  wave  length  than  H;3,  appears 
to  coincide  with  the  bright  band  characteristic  of  spectra 
of  the  fifth  type.  In  fact,  the  spectrum  of  this  star 
resembles  that  of  a  star  of  the  fifth  type  reversed  upon 
a  continuous  spectrum. 

11  54.8.     The  spectrum  of  this  star  resembles  that  of  Z.C. 

10'' 2112. 


13  26.4.     Position  for  1875,  R.  A.  =  13*  24'"  41'.S,  Dec.  = 

-  65°  19'  50". 

15     7.1.     Position    for    1875,    R.  A.  =  15'' 5'"  3\2,    Dec.  = 

-59°  22' 27". 
15  40.7.     Spectrum  continuous.     H^,  Hy,  and  H5,  bright. 
17     3.5.     Position   for   1875,    R.  A.  =  17'' 1'"  2{;'.0,    Dec.  = 

-55°  14' 20". 
17   14.fi.     The  spectrum  of  this  star  resembles  that  of  Z.  C 

10'' 2112. 
17  33.5.     Position  for  1875,   R.  A.  =  17''31"' 15».6,  Dec.  = 

-  57°  50' 57".  The  spectrum  of  this  star  resembles 
that  of  Z.C.  10*2112.  It  also  resembles  that  of  the 
adjacent  star  A.  G.  C.  23935,  announced  as  a  variable 
in  Circular  No.  24. 

17  38.1.     Position   for    1875,   R.  A  =  17*  36'"  18-.8,   Dee.  = 
44°  51' 4". 

17  52.8.     Position  for  1875,  R.  A.  =  17*  50'"  41'.5,     Dec.  = 

-56°  16' 23". 

18  5.9.     The  spectrum  of  this  star  resembles  that  of  Z.  C. 

10*2112. 
18   11.1.     Position   for   1875,    R.  A.  =  18*0'"  12-.9,    Dec.  = 

-  46°  2'  29". 

18  27.9.     Position    for    1855,    R.  A.  =  18*  25'"  9».l,    Dec.  = 

-  22°  44'  44". 


The  bright  line  H^S  in  the  sj^ectra  of  17  Centauri,  A.  G.  C.  17739,  and  xApodis, 
A.  G.  C.  20878,  has  been  found  to  be  variable,  by  Miss  A.  J.  Cannon.  The  star 
Z.  C.  18''  1935,  announced  as  of  the  fourth  type  in  Circular  No.  32,  appears  to  have 
a  sjjectruin  of  the  same  class  as  Z.  C.  lO''  2112,  described  above. 


EDWARD    C.    PICKERING. 


.Tri.v  G,   1901. 


Harvard  College  observatory. 
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OPPOSITION   OF   EROS   (433)   IN    1903. 

The  planet  Eros  is  uovv  so  near  the  Sun,  that  further  observations  of  its  light 
have  become  impossible.  At  the  same  time,  sufficient  material  has  not  been 
acciunulated  since  the  discovery  of  its  variation  in  light,  to  detennine  satisfactorily 
the  laws  governing  it.  It  is,  therefore,  a  matter  of  no  little  interest  to  learn  when 
further  obsei'vations  can  be  obtained.  Since  three  times  the  tropical  period  is  about 
seven  years,  the  favorable  conditions  of  1893  and  1900,  will  not  recur  until  1907. 
The  next  opposition  vnll  occur  in  1903,  under  conditions  similar  to  those  in  1896. 
The  planet  was  then  so  far  south  that  had  its  existence  been  known  at  that  time 
it  could  not  have  been  observed  readily,  either  in  the  United  States  or  Europe. 
It,  accordingly,  becomes  important  to  trace  the  path  for  the  next  two  or  three 
years.  The  positions  have  been  computed  by  Miss  Anna  Winlock  by  means  of 
the  elements  given  by  MiUosevich  (Astron.  Nach.  155,  25)  for  the  following  dates 
with  the  results  given  below :  — 

TABLE   I. 
COMPUTED   POSITIONS. 


J.D. 

Date. 
1001-03. 

R.A. 
1900. 

Deo. 
1900. 

logr. 

log  A. 

-J.D. 

Date. 
1902-03. 

R.A. 
1900. 

Dec. 
1900. 

logr. 

log  A. 

y- 

m. 

d. 

h. 

m. 

o 

/ 

y.      m. 

d. 

h. 

m. 

o 

/ 

5501 

01 

4 

26 

8 

39.1 

-  0 

38 

0.1025 

9.8251 

6040 

02  10 

17 

9 

56.7 

+  16 

59 

0.0610 

0.1149 

5506 

u 

5 

1 

8 

54.7 

-  1 

41 

0.1076 

9.8447 

6080 

«  11 

27 

12 

8.3 

-  2 

48 

0.0560 

0.0796 

5516 

« 

a 

11 

9 

25.2 

-  3 

44 

0.1179 

9.8841 

6160 

03  2 

14 

16 

3.5 

-33 

57 

0.1188 

0.0251 

5556 

a 

6 

20 

11 

20.4 

-11 

23 

0.1587 

0.0340 

6200 

«   3 

26 

17 

38.2 

-40 

43 

0.1596 

9.9540 

5596 

« 

7 

30 

13 

7.4 

-18 

11 

0.1939 

0.1657 

6240 

u   5 

5 

18 

4.9 

-44 

38 

0.1945 

9.8539 

5636 

« 

9 

8 

14 

51.6 

-23 

24 

0.2208 

0.2732 

6250 

u   « 

15 

17 

53.4 

-45 

0 

0.2020 

9.8331 

5676 

cc 

10 

18 

16 

36.6 

-25 

59 

0.2391 

0.3543 

6260 

u       » 

25 

17 

36.0 

-44 

43 

0.2090 

9.8197 

5716 

u 

11 

27 

18 
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2 

0.2491 

0.4085 
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14 

16 

52.7 
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24 
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5745 

<( 

12 

26 

19 
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0.4310 
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"   7 

4 

16 
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54 

0.2314 

9.8832 
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02 

2 

19 

21 

44.4 
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0.4364 

6310 
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14 

16 
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-33 

18 

0.2357 

9.9221 

5840 

« 

3 

31 

23 

13.7 
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44 

0.2281 

0.4116 

6320 

u      u 

24 

16 
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0.2395 

9.9642 

5880 

u 

5 

10 

0 
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+  11 
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0.2041 

0.3(558 

6360 

«   9 

2 

17 
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55 

0.2493 

0.1252 

5920 

« 

6 

19 

2 

31.4 

+  22 

49 

0.1717 

0.3034 

6400 

«  10 

12 

18 

12.4 

-23 

3 

0.2509 

0.2475 

5960 

ic 

7 

29 

4 

44.7 

+  30 

58 

0.1323 

0.2360 

6440 

u       11 

21 

19 

36.6 
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1 

0.2444 

0.3294 

6000 

u 

9 

7 

7 

24.1 

+  29 
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0.0914 
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The  intervals  between  these  dates  are  so  hirge.  in  some  cases,  that  interpolation 
by  the  usual  method  is  impossible.  Moreover,  only  approximate  positions  are 
needed,  since  for  a  large  portion  of  the  time  Eros  will  probably  be  too  faint  to 
be  observed.  To  show  the  general  form  of  its  path,  so  as  to  prepare  plans  for 
observing  it,  the  approximate  ei^hemeris,  given  in  Table  II,  has  been  determined 
graphically  for  every  ten  da_)s.  After  trying  various  methods,  curves  were  di'awn, 
with  Julian  Days  as  abscissas,  and  ordinates  equal  to  the  four  tabular  quantities 
given  in  Table  I.  For  each  of  these  curves,  the  ordinate  for  every  ten  days  was 
next  read.  First  differences  were  taken,  and  points  again  plotted,  vnth  these 
differences,  on  a  much  larger  scale,  as  ordinates.  A  smooth  curve  was  drawn 
through  these  points,  and  the  ordinates  again  read.  Regarding  these  last  readings 
as  first  differences,  the  original  ordinates  were  approximately  reproduced  by 
successive  summations.  We  thus  obtain  an  ephemeris  in  which  the  accidental 
errors  are  very  small,  but  Avhich  may  differ  systematically  from  the  computed 
values,  if  the  curve  of  first  dift'erences  is  drawn  too  liigh  or  too  low.  This  systematic 
error  was  corrected  by  plotting  points  with  abscissas  equal  to  the  Julian  Day,  and 
ordinates  equal  to  the  difference  between  the  computed  values  and  those  given  by 
the  approximate  ephemeris.  These  points  should  lie  on  a  smooth  curve,  whose 
ordinates  serve  to  correct  the  approximate  ephemeris.  In  this  way,  we  obtain  an 
ephemeris,  passing  through  all  the  computed  points,  in  which  the  accidental  errors 
are  small.  Systematic  errors  may  enter  between  the  computed  points,  since  these 
portions  of  the  curve  are  necessarily  indeterminate.  The  results  are  given  in 
Table  II,  the  last  column  giving  the  magnitude,  uncorrected  for  phase  and 
assuming,  as  in  Circular  No.  49,  that  the  magnitude  at  distance  unity  is  11.39. 


TABLE   II. 

APPROXIMATE   EPHEMERIS   OF   EROS. 


.1.  D. 

D;lt.-. 

i»oi. 

R.  A. 
19U0. 

Dei-. 
1900. 

logr. 

log  A.   M:lgn. 

•J.  D. 

Diite.      R.  A. 
I»01.    j   1900. 

]^.       '--■ 

log  A.  1  Jlngn. 

5500 

01 

m.      d. 

4  25 

A. 

8 

m. 

36 

-  0.4 

0.102 

9.821 

11.01 

5590 

y.  m.      d. 
01   7  24 

A.  m. 

12  52 

-17.2 

0.189 

0.146 

13.07 

5510 

5  5 

9 

7 

-  2.5 

0.112 

9.860 

11.25 

5600 

«   8  3 

13  18 

-18.8 

0.197 

0.176 

13.25 

5520 

5  15 

9 

37 

-  4.5 

0.122 

9.899 

11.49 

5610 

«   8  13 

13  44 

-20.3 

0.204 

0.204 

13.43 

5530 

5  25 

10 

6 

-  6.6 

0.131 

9.937 

11.73 

5620 

«   8  23 

14  10 

-21.6 

0.211 

0.231  13.60 1 

5540 

6  4 

10 

35 

-  8.5 

0.141 

9.974 

11.97 

5630 

«   9  2 

14  36 

-22.7 

0.217 

0.257 

13.76 

5550 

6  14 

11 

3 

-10.3 

0.151 

0.011 

12.20 

5640 

u   9  12 

15  2 

-23.7 

0.223 

0.281 

13.91 

5560 

6  24 

11 

31 

-12.1 

0.162 

0.047  '  12.43 

5650 

«   9  22 

15  28 

-24.5 

0.228 

0.303 

14.05 

5570 

7  4 

11 

58 

-13.8 

0.172 

0.081  1  12.65 

5660 

«  10  2 

15  54 

-25.1 

0.233 

0.323 

14.17 

5580 

7  14 

12 

25 

-15.5 

0.181 

0.114  12.ST 

5070 

«  10  12 

16  20 

-25.6 

0.237 

0.342 

14.29 
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J.  D. 

Diitc. 
1001-03. 

R.  A. 
1900. 

Dtr. 
1900. 

log  r. 

lof?  A.   Mugu. 

J.  D. 

Date. 
l»U3-0». 

R.  A. 
1900. 

Doc. 
1900. 

loj;r. 

lop  A. 

Miign. 

y.     m.      a. 

A. 

m. 

o 

y.     m. 

rf. 

A. 

m. 

o 

5680 

01  10  22 

16 

47 

-25.9 

0.240 

0.360 

14.39 

6070 

02  11 

17 

11 

37 

+  2.3 

0.054 

0.087 

12.09 

5690 

«  11  1 

17 

18 

-26.1 

0.243 

0.376 

14.49 

6080 

u      11 

27 

12 

8 

-  2.8 

0.056 

0.080 

12.07 

5700 

«  11  11 

17 

40 

-25.9 

0.245 

0.390 

14.57 

6090 

u    12 

6 

12 

39 

-  7.9 

0.060 

0.074 

12.06 

5710 

a     11  21 

18 

6 

-25.6 

0.247 

0.402 

14.63 

6100 

»  12 

16 

13 

9 

- 12.9 

0.066 

0.068 

12.06 

5720 

u  12  1 

18 

82 

-25.0 

0.249 

0.413 

14.70 

6110 

u    12 

26 

13 

39 

-17.5 

0.078 

0.062 

12.07 

5730 

«  12  11 

18 

58 

-24.1 

0.250 

0.422 

14.75 

6120 

03  1 

5 

14 

9 

-21.7 

0.081 

0.056 

12.07 

5740 

«  12  21 

19 

24 

-  22.9 

0.250 

0.429 

14.79 

6130 

u   1 

15 

14 

88 

-25.5 

0.090 

0.050 

12.09 

5750 

»  12  31 

19 

49 

-21.5 

0.250 

0.434 

14.81 

6140 

»   1 

25 

15 

7 

-28.8 

0.099 

0.043 

12.10 

5760 

02  1  10 

20 

14 

-19.8 

0.249 

0.437 

14.82 

6150 

u   2 

4 

15 

35 

-81.5 

0.109 

0.035 

12.11 

5770 

u   1  20 

20 

38 

-18.0 

0.248 

0.489 

14.83 

6160 

»   2 

14 

16 

8 

-  34.0 

0.119 

0.025 

12.11 

5780 

u   1  30 

21 

2 

-16.0 

0.247 

0.439 

14.82 

6170 

u   2 

24 

16 

80 

-36.1 

0.129 

0.013 

12.11 

5790 

«   2  9 

21 

23 

-18.7 

0.246 

0.438 

14.81 

6180 

«   8 

6 

16 

55 

-37.9 

0.140 

9.997 

12.07 

5800 

u      2  19 

21 

44 

-11.3 

0.244 

0.436 

14.79 

6190 

u      3 

16 

17 

18 

-89.4 

0.150 

9.977 

12.03 

5810 

u      2  29 

22 

16 

-  8.8 

0.241 

0.433 

14.76 

6200 

u      3 

26 

17 

38 

-40.7 

0.160 

9.954 

11.96 

5820 

u   3  11 

22 

28 

-  6.2 

0.238 

0.427 

14.71 

6210 

u      4 

5 

17 

54 

-  42.0 

0.169 

9.929 

11.88 

5830 

»   3  21 

22 

51 

-  3.5 

0.233 

0.420 

14.65 

6220 

«   4 

15 

18 

5 

-43.1 

0.178 

9.903 

11.79 

5840 

»   3  31 

23 

14 

-  0.7 

0.228 

0.412 

14.59 

6230 

«   4 

25 

18 

9 

-44.0 

0.186 

9  878 

11.71 

5850 

u   4  10 

23 

37 

+  2.2 

0.224 

0.402 

14.52 

6240 

a       5 

5 

18 

5 

-44.6 

0.194 

9.854 

11.68 

5860 

»   4  20 

0 

0 

+  5.2 

0.219 

0.391 

14.44 

6250 

u   5 

15 

17 

54 

-45.0 

0.202 

9.883 

11.57 

5870 

«   4  30 

0 

23 

+  8.2 

0.213 

0.379 

14.35 

6260 
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25 

17 

36 

-44.7 

0.209 

9.820 

11.54 

5880 

«   5  10 

0 

47 
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0.204 

0.366 

14.25 

6270 
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4 

17 

14 
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0.215 

9.817 
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5890 

«   5  20 

1 

11 
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14.13 

6280 
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14 

16 

53 
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9.828 
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5900 
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1 

36 
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24 

16 

36 
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0.226 
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11.77 

5910 

u   6  9 

2 

3 
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0.319 

13.89 

6300 
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4 

16 

25 

-35.9 

0.231 

9.883 
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5920 
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2 

31 
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0.303 

18.77 

6310 
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14 

16 
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9.922 

12.18 
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3 

3 
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3 

86 
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3 

16 

27 
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0.006 

12.63 

5950 
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4 
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13 

16 
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6350 
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«   8  28 
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18 
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11 

5 
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It  will  be  noticed  that  the  earliest  favorable  time  for  observation  is  in  the 
Spring  of  1903.  It  is  expected  that  Professor  Bailey  will  make  an  extensive  series 
of  photometric  measures  of  Eros  during  tliis  period,  at  the  Arequipa  Station. 


EDWARD   C.   PICKERING. 


August  10,  1901. 
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HapvVard  College  Observatory. 
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SPECTRUM   OF   LIGHTNING. 

PiiOTO(4RAPii.s  of  tlje  spectrum  of  lightning  were  obtained  on  July  18  and  21, 
1901,  b^^  Mr.  J.  H.  Freese,  under  the  direction  of  Mr.  Edward  S.  King.  The 
8-inch  Draper  Telescope  was  used  with  an  objective  prism.  The  telescope  was 
directed  to  the  portion  of  the  sky  in  which  the  lightning  was  particularly  bright, 
and  when  the  observer  thought  that  he  had  obtained  an  image,  the  plate  was 
changed.  Even  then  many  of  the  plates  were  badly  fogged.  A  number  of  pho- 
tographs were  taken  in  this  way,  and  showed  the  curious  fact  that  the  spectrum 
of  lightning  is  not  always  the  same.  One  flash,  on  July  18,  showed  three  bright 
bands,  while  another  taken  on  the  same  evening  showed  ten  bright  lines,  and 
closely  resembled  one  taken  on  July  21.  The  latter  is  shown  in  Figure  1.  To 
increase  the  contrast  of  the  original  negative,  a  double  contact  print  was  made 
from   it   with   slow   plates,   and   is   reproduced   in   the   figure   on   the  original   scide. 
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The  Ijrighter  portion  of  a  second  Hash,  clearl}'  seen  in  the  original  negative,  also 
appears  in  the  print.  Measures,  each  consisting  of  three  settings,  were  made  of 
three  portions  of  the  principal  spectrum,  and  the  means  of  the  results  are  given 
in  Table  I.  The  original  negative  was  an  isochromatic  plate.  The  successive 
columns  give  the  hydrogen  lines  with  which  certain  of  the  lines  are  assumed  to 
be  identical,  the  mean  wave  length  and  intensity  of  the  lines  in  the  spectrum  of 
lightning,  and  the  wave  length  and  intensity  of  the  principal  lines  in  the  spectrum 
of  Nova  Persei,  No.  2,  on  March  23,  1901. 

TABLE  I. 

SPKCTHA    OF    LIGHTNING    AND    NOVA    PERSEI. 


llv,l. 

\\.   L. 

hii. 
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Int. 
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10 
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3970 
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HS 
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8 

4102 
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4861 

5 

4862 

10 

4147 

4 

4149 

1 

4940 

? 

4925 

1 

4187 

y 

5022 

2 

5015 

3 

4222 

5 

R 

2 

5173 

1 

5171 

3 

4263 

1 

5595 

30 

E 

20 

The  first  line  in  the  spectrum  of  lightning  is  a  l)road,  bright  band,  extending 
from  wave  length  3830  to  3930,  and  is  perhaps  identical  with  the  nebular  line 
3875.  The  line  4222  appears  as  a  Ijroad  band  in  the  Nova.  The  last  band  is 
very  broad  or  perhaps  a  continuous  spectrmn  extending  in  both  objects  from 
about  wave  length  5300  to  6000.  The  lines  in  the  two  spectra  appear  to 
resemble  each  other  closely  both  in  })osition  and  in  intensity.  On  September  15, 
1901,  a  photograph  was  obtained  with  the  11-inch  Draper  Telescope,  showing 
nearly  thirty  bright  lines.  Some  of  these  show  a  curious  doubhng,  the  separation 
varying  in  different  portions  of  the  flash.  Apparently,  this  is  due  to  another  flash, 
in  whose  spectrum  only  a  portion  of  the  hues  appear. 


EDWARD    C.   PICKERING. 


NOVEMISER    16,    1901. 


2V 


Haryari)  College  observatory. 

CIRCULAR    No.    63. 


AN   ASTEROID   ORBIT    OF   GREAT   ECCENTRICITY. 

From  an  examination  of  a  plate  taken  on  August  14,  1901,  with  the  Bruce 
Telescope,  Dr.  Stewart  found  aii  asteroid  having  the  great  "southern  declination, 
— 62°.  As  no  known  asteroid  was  so  far  south  at  that  time,  a  series  of  photo- 
graphs was  taken,  from  which,  and  from  one  previous  photograph,  the  approximate 
positions  given  in  Table  I  have  been  derived. 

TABLE  I. 
OBSERVED   POSITIONS. 


Date. 
1901. 

G.  M.  T. 

K.  A.  1900. 

Dec.  1900. 

A.  m. 

A.  m. 

o   / 

Aug.   5 

16  10 

19  33.7 

-62  36.1 

u   14 

15  12 

19  27.4 

-61  30.0 

u       15 

16  15 

19  27.2 

-61  20.2 

u       17 

14  25 

19  27.1 

-  61  0.5 

u   20 

14  33 

19  27.25 

-60  26.7 

»   23 

14  47 

19  28.2 

-59  48.5 

Sept.   2 

12  54 

19  35.1 

-57  17.5 

u   11 

16  13 

19  46.3 

-54  29.4 

41   1« 

13  59 

19  57.1 

-52  6.7 

u       30 

12  54 

20  19.2 

-47  34.0 

u   30 

13  46 

20  19.25 

-47  33.2 

Oct.   1 

14  41 

20  21.3 

-47  8.1 

«    2 

15  09 

20  23.4 

-46  43.7 

Nov.  13 

12  43 

21  52.5 

-28  14. 

A  circular  orbit  was  first  computed  by  Miss  Anna  Winlock.  This  gave  the 
surprising  result  that  the  heliocentric  diurnal  motion  exceeded  2200",  correspond- 
ing to  a  distance  from  the  Sun  less  than  that  of  any  known  asteroid.  As  Professor 
Newcomb  was  spending  a  few  days  in  Boston,  he  courteously  undertook,  with  the 
assistance  of  Miss  Winlock,  to  determine  elliptical  elements  for  this  object.  The 
results  are  given  on  the  next  page :  — 
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Elements. 
Epoch  1901,  October  2.627,  G.  M.  T. 

M  =  358°  30'  .  <t>=  22°  8' 

0)=  301°  19' I  ^=8Q0" 

n=    3.5°  48'  M900.0  log  a  =  0.4103 

i=    18°  38' j  Period  =  4^.13 


The  uncertainty  of  the  elements,  w  and  o,  may  be  estimated  at  ±  1°. 

From  these  elements  it  appears  that  the  great  peculiarity  of  this  orbit  is  the 
ellipticity,  which  exceeds  that  of  any  known  asteroid.  The  only  other  asteroids 
for  which  </>  exceeds  20°,  are  Eva  (164)  for  which  it  is  20°  19',  and  Istria  (183) 
for  which  it  is  20°  27'. 

At  the  time  of  discovery  the  asteroid  was  near  perihelion,  and  therefore  was 
moving  very  rapidly  around  the  Sun,  at  a  distance  of  about  1.6.  An  approximate 
ephemeris  for  Greenwich  Midnight  is  given  in  Table  II,  wliich  shows  that  the 
asteroid  is  moving  rapidly  north,  and  is  now  within  reach  of  the  telescopes  in 
Europe  and  the  United  States. 

TABLE   II. 

APPROXIMATE   EPHEMERIS. 


J.  D. 

Date. 
1901-03. 

R.  A.  1900.0. 

Dec.  1900.0. 

loK  r. 

loE  A 

5560 

June  24.5 

/I.        m. 

20  8.1 

-56  33 

0.2598 

9.9613 

5580 

July  14.5 

19  54.4 

-61  28 

0.2434 

.9.9273 

5600 

Aug.   3.5 

19  31.6 

-62  41 

0.2288 

9.9208 

5620 

«   23.5 

19  26.2 

-59  52 

0.2171 

9.9360 

5640 

Sept.  12.5 

19  46.2 

-54  14 

0.2090 

9.9660 

5660 

Oct.   2.5 

20  22.1 

-46  49 

0.2052 

0.0064 

5680 

«   22.5 

21  4.2 

-38  16 

0.2060 

0.0549 

5700 

Nov.  11.5 

21  47.5 

-29  14 

0.2114 

0.1095 

5720 

Dec.   1.5 

22  30.0 

-20  15 

0.2209 

0.1674 

5740 

«   21.5 

23  11.3 

-11  42 

0.2338 

0.2258 

5760 

Jan.  10.5 

23  51.8 

-  3  47 

0.2491 

0.2819 

5780 

«   30.5 

0  31.9 

+  3  26 

0.2661 

0.3339 

The  position  for  Novemljer  13,  given  above,  was  obtained  by  cablegram  from 
Arequipa,  and  indicates  that  the  errors  of  the  ephemeris  on  that  date,  in  right 
ascension  and  declination,  are  — 0'".7  and  — 4',  respectively. 
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EARLY   OBSERVATIONS   OF   ALGOL   STARS. 


TABLE   I. 

LIGHT    CURVE. 


One  of  the  most  important  uses  of  the  collection  of  photographs  at  Cambridge 
is  to  determine  early  dates  of  minima  of  stars  of  the  Algol  type.  Nearly  all  of 
the  early  photographs  were  taken  with  the  8-inch  Draper  Telescope.  The  number 
has  been  greatly  increased  during  the  last  three  years  by  supplementing  its  worlc 
with  anastigmat  lenses.  Li  the  Astron.  Nacli.  156,  313,  Mr.  Wilhams  announces 
that  the  star  78.1901,  R.  A.  =  20"  18'»  4^0,  Dec.  =  +42°  46'.4  (1855),  is  a  star  of 
the  Algol  type.  One  hundred  and  seventy-seven  photographs  of  this  region  were 
contained  in  the  Harvard  collection,  the  first  being  on  September  19,  1885.  On  ten 
of  these  the  star  was  distinctly  fainter  than  its  normal  brightness.  Measures  with 
the  12-incli  Meridian  Photometer  gave  the  maximum  magnitude  of  this  star  10.47. 
Assuming  this  value,  a  light  curve,  whose  coordinates  are  given  in  Table  I,  was 
determined  by  Professor  Wendell  from  observations  with  the  15-inch  telescope. 

The  various  determinations  of  the  minima  are  enu- 
merated in  Table  II.  The  year,  month,  and  day  are 
given  in  the  first  column,  the  Greenwich  Mean  Time  in 
the  second,  the  Julian  Day  and  fraction  in  the  third,  and 
the  photographic  magnitude  in  the  fourth.  The  fifth 
column  gives  the  time  from  minimum,  indicated  by  the 
magnitude  according  to  the  light  curve,  assummg  that 
the  normal  photographic  magnitude  is  10.2.  On  three 
of  the  plates  the  star  was  not  seen,  although  stars  of  the 
magnitude  11.7  were  visible.  This  indicates  that  the 
star  was  within  0''.06  of  minimum.  The  last  four  lines 
relate  to  visual  o])servations,  three  by  Mr.  Williams  and 
the  last  one  by  Professor  Wendell.  The  letter  m  is 
entered  in  the  fourth  column,  and  the  value  in  the  fifth 
is  of  course  zero.  The  adopted  formula  for  the  times 
of  minima  is  2,410,000.20  +  3.45083  E,  which  agrees  closely  with  that  given  by 
Mr.  Williams.  The  value  of  E  is  given  in  the  sixth  column,  and  the  de\dation 
0-C  in  the  seventh.     These  deviations  must  be  corrected  by  the  values  in  the  fifth 


I'll. 

Dec. 

In,-. 

d 

0.-20 

10.47 

10.47 

0.18 

10.55 

10.50 

0.16 

10.67 

10.57 

0.14 

10.81 

10.75 

0.12 

11.07 

11.03 

0.10 

11.15 

11.11 

0.08 

11.45 

11.38 

0.06 

11.80 

11.75 

0.04 

12.22 

12.16 

0.02 

12.76 

12.64 

0.00 

13.05 

13.05 
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column  althouo-h  tliey  are  sometimes  thus  increased.  In  the  first  Une  the  correction 
may  have  any  value  from  +0''.06  to  — 0''.06,  but  even  the  latter  leaves  the  de^^ation 
+0''.009.  In  the  second  line  the  magnitude  10.83  shows  that  the  time  of  minimum 
must  have  preceded  or  followed  the  time  of  observation  by  0''.121. 

It  is  bv  no  means  certain  that  the  best  value  of  the  period,  3''.45083 
=  3''10'' 4!1"' 12*,  has  been  found.  A  change  of  one  or  two  seconds  would,  however, 
increase  the  residuals  perceptibly.  It  is  curious,  and  perhaps  suspicious,  that  the 
correction  has  always  been  taken  with  the  negative  sign,  that  is,  that  the  star 
when  photographed  was  in  each  of  the  ten  cases  increasing  in  light.  One  result, 
that  on  J.  D.  4193,  seems  entirely  wrong.  The  minimum  apparently  took  place 
half  a  day  too  late.  Some  of  the  large  residuals  occur  when  the  star  is  bright,  or 
when  it  is  changing  slowly.  We  should  expect  that  they  would  be  the  most 
uncertain.  It  is  probable  that  more  accurate  results  can  be  obtained  when  the 
photographic  light  curve  is  better  known,  and  also  by  correcting  for  abei-ration. 


TABLE   II. 
OBSERVED   MINIMA   OF   TS.l'.HjI. 


V. 

M.  I). 

(;.  M.  T. 

•J.  I). 

MuKM. 

Cn-v... 

E. 

VW.                           (  nil. 

1 

h. 

m. 

d. 

d. 

f7. 

d. 

1890 

5 

16 

19 

56 

1504.831 

<11.7 

±.06 

436 

+  .069 

+  .009 

1891 

1 

13 

10 

50 

1746.451 

10.83 

-.121 

506 

+  .131 

+  .010 

1892 

9 

18 

14 

07 

2360.588 

<11.7 

±.06 

684 

+  .020 

.000 

1893 

7 

29 

18 

04 

2674.753 

10.67 

-.143 

775 

+  .160 

+  .(117 

1894 

9 

23 

14 

03 

3095.585 

<11.3 

±.08' 

897 

-.010 

.000 

1895 

8 

10 

14 

52 

3416.619 

10.98 

-.107 

990 

+  .097 

-.010 

1896 

8 

20 

16 

32 

3792.689 

<11.7 

±.06 

1099 

+  .027 

.000 

1897 

9 

25 

14 

46 

4193.615 

10.86 

-.120 

1215 

+  .657 

+  .537 

1898 

1 

13 

10 

43 

4308.447 

11.62 

-.062 

1247 

+  .062 

.000 

1899 

10 

3 

13 

43 

4931.572 

10.52 

-  .162 

1429 

1-.136 

-  .026 

1901 

8 

24 

14 

27 

5621.602 

m 

.00 

1629 

.000 

.(lOO 

n 

9 

7 

9 

43 

5635.405 

m 

.00 

1633 

.000 

.000 

„ 

J, 

14 

7 

29 

5642.312 

m 

.00 

1635 

+  .005 

+  .005 

« 

11 

1 

14 

47 

5690.617 

m 

.00 

1649 

-.002 

-  .002 

In  the  Astron.  Nach.  157,  79,  Dr.  Schwab  announced  that  the  star  +19°  3975, 
93.1901,  R.  A.  =  19*  14"*  26',  Dec.  =  +19°  25'.4  (1900),  was  a  variable  of  the  Algol 
type.  From  the  Harvard  Annals,  Vols.  XXIV  and  XLV,  it  appears  that  the  photo- 
metric magnitude  of  this  star  when  at  full  brightness  is  6.50,  the  range  in  the 
measures  on  four  nights  being  less  than  a  tenth  of  a  magnitude.  An  examination  of 
the  Harvard  photographs  showed  that  we  had  155  images  in  which  its  brightness  was 
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nearly  normal,  and  13  in  which  it  was  near  minimum.  For  the  observations  near 
minimum,  Table  III  gives  in  successive  columns  the  year,  month,  and  day,  the 
Greenwich  Mean  Time,  the  Julian  Day  and  fraction,  the  approximate  magnitude, 
the  assumed  value  of  E,  and  the  uncorrected  residual  found  by  subtracting  the  time 
computed  by  the  formula,  2,410,011.6  +  17  E. 


\hl 


TABLE    III. 

OF.SEUVEl)    MIXIMA    OF    '.tS.UHll 


Y.  M.  D. 

li.  M.  T. 

J.  D. 

Ma^i. 

E. 

Unc 

A.         m. 

(/. 

rf. 

1887   8 

3 

15  35 

0487.649 

7.06 

28 

+  0.05 

1890  11 

5 

10  48 

1677.450 

9.15 

98 

-0.15 

1891   7 

13 

16  28 

1927.686 

8.68 

113 

-4.91 

1893   s 

4 

15   2 

2680.626 

7.06 

157 

+  0.03 

u 

u 

15  14 

2680.635 

7.06 

u 

+  0.04 

1894  10 

15 

12   8 

3117.506 

7.35 

183 

-  5.09 

1895   8 

22 

13  22 

3428.557 

8.74 

201 

-  0.04 

u 

a 

14  25 

3428.601 

8.11 

u 

0.00 

9 

8 

14  22 

3445.599 

8.40 

202 

0.00 

1897   9 

24 

13  31 

4192.563 

7.06 

246 

-1.04 

1900   5 

22 

19  33 

5162.815 

7.80 

303 

+  0.22 

1901   5 

12 

19   4 

5517.794 

8.74 

324 

-1.81 

1901   7 

12 

17  13 

5578.713 

9.15 

327 

+  8.11 

u            u 

u 

17  28 

5578.728 

9.11 

a 

+  8.13 

10 

8 

18  14 

5666.551 

8.68 

333 

-6.05 

11 

1 

6  30 

5690.27 

m 

334 

+  0.67 

u            u 

28 

12 

5717.50 

m? 

336 

-6.10 

1902   1 

4 

12 

5754.5 

m? 

.338 

-3.1(1 

The  photograph  on  J.  D.  3428  is  especiall3-  valuable.  The  spectrum,  which  is 
of  the  first  type  hke.  other  Algol  stars,  trailed  over  the  plate,  and  showed  that 
the  star  was  at  first  of  al)out  the  ninth  magnitude,  after  about  half  an  hour  suddenly 
becoming  brighter  until  it  attained  the  eighth  magnitude  at  the  end  of  the  exposure. 
Two  lines  have,  therefore,  !)een  given  to  this  plate.  When  the  law  of  variation 
becomes  known  tliis  will  probably  give  an  accurate  value  of  the  time  of  minimum. 
The  last  line  but  two  represents  the  observation  of  Dr.  Schwab,  the  last  line  but 
one  that  of  Professor  Wendell.  On  this  last  date,  the  star  had  apparently  nearly 
recovered  its  full  brightness,  the  range  of  the  observations  not  exceeding  two  tenths 
of  a  magnitude.  The  last  line  represents  a  somewiiat  uncertain  observation  by 
Mr.  White  when  the  star  was  near  the  horizon.  The  range  in  light  appears  to 
be  greater   than  that  of   any  other  Algol    star.      The    period,   17   days,  given   by 
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Dr.  Schwab,  is  longer  than  that  of  any  other  Algol  variable,  and  does  not  satisfy 
the  observations.  No  subdivision,  or  other  value  of  the  period,  appears  to  give 
better  results.  By  a  slight  change  in  the  period,  and  by  applying  a  correction  for 
the  liirht  curve  and  for  aberration,  about  half  of  the  residuals  in  the  last  column  of 
Table  111  could  l)e  reduced  nearly  to  zero.  The  others  are  so  large,  amounting  to 
several  days,  that  their  careful  study  becomes  a  matter  of  very  gi-eat  importance.  If 
these  discordances  are  due  to  a  third  body  this  star  will  become  one  of  the  most  inter- 
estiu"-  in  the  sky.  Evidently  it  should  be  carefully  watched.  This  has  been  done  at 
Cambridge  ever  since  its  variability  was  announced.  On  two  dates,  November  18 
and  December  22,  1901,  when  minima  were  expected,  according  to  the  formula  of 
Dr.  Schwab,  clouds  prevented  observations,  and  on  a  third  day,  December  o,  1901, 
no  diminution  in  light  was  perceptible.  During  the  coming  year  it  is  proposed 
to  look  at  it  early  and  late  on  each  clear  evening  at  Cambridge  and  Arequipa. 
The  value  of  this  work  would  be  greatly  increased  if  observers  in  other  longitudes 
would  cooperate.  A  continuous  watch  might  thus  be  kept  upon  it,  and  no  minhna 
missed.  The  observations  needed  are  ver}-  simple.  The  star  when  at  full  brightness 
is  easily  seen  Avith  an  opera  glass,  and  it  is  only  necessary  to  select  two  adjacent 
stars,  one  a  little  brigliter.  the  other  a  little  fainter,  as  +19°  39-56  and  +18°  4043. 
and  see  each  night  if  the  brightness  is  normal.  Any  observations  when  the  star 
is  faint  A\dll  be  verv  valuable.  If  the  obser\'er  is  not  accustomed  to  the  method 
of  Argelander,  it  will  only  Ije  necessary  to  name  one  or  two  stars  which  are  a  little 
brighter  and  others  a  little  fainter  at  a  given  hour  and  minute.  These  observations 
should  be  repeated  two  or  three  times  an  hour  to  detect  changes.  The  stars  may 
be  identified  Ijy  a  .sketch  of  the  region,  if  desired.  The  value  will  l)e  greatly 
increased  if  any  kind  of  photograph  can  be  taken,  attaching  a  hand  camera  to 
an  equatorial  or  even  allowing  the  .stars  to  trail  through  the  field.  The  detailed 
observations  should  be  forwarded  at  once  1)y  mail,  and  if  possible  the  time  of 
minimum  cabled.  For  instance,  "  Observatory,  Boston,  Schwab  twenty-first  sixteen. 
Smith,"  would  be  understood  to  mean  that  Mr.  Smith  found  Schwab's  variable  at 
minimum  on  the  twenty-first  of  the  current,  or  preceding,  month  at  sixteen  hours 
after  Greenwich  Mean  Noon.  The  message  sent  from  here,  ''  Schwab,  May  twenty- 
first,"  would  indicate  that  a  minimum  was  predicted  for  that  date,  and  that  obser- 
vations on  that  evening  were  greatly  desired.  It  is  hoped  that  by  the  aid  of 
astronomers  in  Asia  and  Australia  it  wiU  be  possible  to  follow  the  star  continuously 
during  the  present  year,  so  that  no  minima  will  be  missed,  or  if  only  during  a  limited 
period,  as  the  month  of  July.  1902.  when  the  star  is  in  opposition  to  the  Sun. 

EDWARD    C.    PICKERING. 
Jaxuary  18,  1902. 
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A   NEW   ALGOL   VARIABLE.     +43°  410L 

A  STRIKING  illustration  of  the  value  of  the  library  of  glass  photographs  collected 
at  this  Observatory  during  the  past  seventeen  years  has  been  shown  within  the 
last  few  days.  Comet  a  1902  was  discovered  by  Dr.  Brooks  on  April  14,  and  it 
Avas  found  that  a  photograph  had  lieen  taken  here  on  April  3  mth  the  8-inch 
Draper  Telescope,  approximately  in  the  direction  from  wliich  the  comet  came.  An 
examination  of  this  plate  was  accordingly  made  by  Mrs.  Fleming,  superposing  it  upon 
another  plate  of  the  same  region  taken  wth  the  same  instrument  on  March  7,  19U0. 
No  trace  of  the  comet  was  fomid,  .and  in  fact  the  elements  now  indicate  that  it  Avas 
a  little  beyond  the  region  covered  by  the  photograph.  One  star,  however,  in  the 
constellation  Lacerta,  according  to  Heis,  but  in  Cygnus  according  to  the  Urano- 
metria  Nova,  appeared  faint  on  the  early  jilate  and  bright  on  that  tuken  later. 
A  further  examination  showed  that  this  object  was  the  north  preceding  comjjo- 
nent  of  +43°  4101.  Its  position  for  1900  is  R.  A.  =21''  55"\2,  Dec.  =+43°  52'. 
The  difference  in  right  ascension  of  the  two  components  is  about  2*.0,  the  difference 
in  declination,  0'.3.  A  further  examination  showed  that  the  star  was  generally  bright 
and  constant  in  light,  so  that  it  must  be  a  variable  of  the  Algol  type.  It  is  not 
very  distant  from  the  remarkable  variable  star  SS  Cygni  which  precedes  it  16'", 
and  is  44'  south.  This  last  star  was  discovered  at  this  Obsei'vatory  in  189G  and  is 
oi'dinaril}'  faint,  becoming  suddenly  bright  at  intervals  which  appear  to  be  irregular. 
Only  one  other  star,  U  Geminorum,  is  known  to  undergo  similar  changes.  The 
star,  SS  Cygni,  has  been  carefully  studied  here,  several  hundi'ed  photographs  having 
been  taken  of  it.  It  has  also  been  observed  visually  on  several  hundred  nights 
both  here  and  elsewhere,  but  as  yet  the  law  regulating  its  outbiu'sts  of  light  has 
not  been  discovered.  Again  the  advant;ige  of  the  photographic  method  is  indicated, 
since  each  plate  taken  for  SS  Cygni  can  be  used  for  studying  the  new  variable,  or 
any  others  that  may  be  discovered  in  this  part  of  the  sky,  as  well  as  if  taken  for 
each  alone,  while  of  course  the  visual  observations  of  SS  Cvffni  can  be  used  for  no 
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other  star.  The  total  number  of  plates  showing  the  new  variable  at  full  brightness 
is  388,  of  which  1  was  taken  in  1889,  10  in  1890,  12  in  1891,  8  in  1892,  9  in  1893, 
3  in  1894,  10  in  1895,  37  in  1896,  184  in  1897,  30  in  1898,  37  in  1899,  28  in  1900, 
7  in  1901,  and  12  in  1902.  Besides  these,  the  star  appears  on  54  photographs  taken 
AN-ith  the  2.5  inch  Anastigmat,  but  they  have  not  been  included  in  the  present 
discussion,  since  the  proximity  of  the  other  component  in  some  cases  renders  it 
difficult  to  decide  whether  the  variable  is  at  its  full  brightness,  or  not. 

Besides  these  plates,  19  were  found  on  which  the  variable,  which  ordinarily  has 
the  magnitude  8.9,  was  of  the  magnitude  9.3  or  fainter.  They  are  enumerated, 
together  with  six  others  taken  later,  in  Table  I,  which  gives  in  the  first  three 
columns  the  year,  month,  and  day,  the  GreenA\-ich  Mean  Time  of  the  middle  of  the 
exposure  in  hours  and  minutes,  and  the  Julian  Day  and  thousandths.  The  fourth 
column  gives  the  photograj^hic  magnitude,  and  the  fifth,  the  correction  to  the 
minimmn  corresponding  to  this  magnitude.  A  positive  sign  denotes  that  the  photo- 
graph was  taken  before  minimum,  a  negative  sign,  after.  When  tlie  star  was  not 
seen,  the  plus  and  minus  sign  is  used  to  indicate  that  the  correction  may  have  any 
value  within  the  limits  given.  Thus,  the  star  was  of  the  magnitude  10.5  for  about 
0''.71  before  and  after  minimmn,  and  accordingly  any  correction  between  +0''.71 
and  — 0''.71  may  be  applied  to  the  observed  time  of  the  second  plate  without 
indicating  an  error  in  the  observation.  All  of  these  values  are  derived  from  the 
Ught  curve  found  as  described  below.  At  first  the  period  was  thought  to  be  1''.498, 
but  this  was  found  to  be  an  error.  The  true  period  appears  to  be  about  31''.304, 
and  the  times  of  minimum  are  represented  by  the  formula,  2,410,015.05  + 31.304  E. 
The  value  of  E,  and  the  residual  found  by  subtracting  the  com2)uted  time  of 
minimimi  from  the  time  of  the  photograph,  are  given  in  the  sixth  and  seventh 
columns.  The  eighth  column  gives  the  corrected  re.sidual  found  by  taking  the 
algebraic  sum  of  the  fifth  and  seventh  columns.  The  letter  f  is  inserted  when  the 
variable  was  invisible,  and  the  phase  is  less  numerically  than  the  correction  given 
in  the  fifth  column.  In  these  cases,  no  correction  to  tlie  period  is  indicated.  The 
letter  m  is  inserted  when  the  phase  is  less  than  ±0.45  and  the  variable  is  of  the 
magnitude  11.4,  or  fainter,  since  it  is  then  near  minimum  and  is  varying  so  slowly 
that  an  accurate  correction  cannot  be  obtained. 

It  will  be  seen  from  the  last  column  of  the  table  that  all  the  magnitudes  are 
nearlj'  represented  by  the  formula,  except  those  derived  from  photographs  taken 
on  J.  D.  1962,  and  4431.  On  these  dates,  the  star  was  at  nearly  its  full  brightness, 
and  the  deviations  which  amount  to  0.4  of  a  magnitude  are  probal)ly  due  to  error 
of  observation. 
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TABLE    I. 

OBSERVED   MINIMA    OF    +43°  4101. 


Y. 

M. 

— 1 

D. 

c;.  > 

.T. 

J.  D. 

Magn. 

Corr. 

E. 

Phase. 

Corr.  Pli.lse. 

'  1891 

8 

17 

/i. 
19 

21 

d. 

1962.806 

9.28 

-0.99 

62 

+  6.908 

-5.92 

1892 

10 

22 

13 

31 

2394.563 

<10.5 

±0.71 

76 

+  0.409 

F 

1895 

9 

20 

15 

24 

3457.642 

9.31 

+  0.98 

110 

-0.848 

+  0.13 

1896 

9 

30 

11 

42 

3833.487 

10.52 

+  0.71 

122 

-0.651 

+  0.06 

,, 

„ 

» 

19 

20 

3833.806 

<11.5 

±0.43 

u 

-0.332 

F 

u 

10 

1 

13 

35 

3834.566 

11.49 

-  0.43 

u 

+  0.428 

M 

a 

„ 

31 

12 

15 

3864.510 

9.64 

+  0.90 

123 

-  0.932 

-  0.03 

u 

a 

u 

14 

05 

3864.587 

10.02 

+  0.83 

u 

-0.855 

-  0.03 

u 

12 

3 

12 

47 

3897.533 

9.85 

-0.86 

124 

+  0.787 

+  0.07 

1897 

1 

2 

10 

51 

3927.452 

10.85 

+  0.64 

125 

-0.598 

+  0.04 

u 

4 

6 

20 

59 

4021.874 

<11.7 

0.00 

128 

-0.088 

F 

14 

5 

7 

19 

34 

4052.815 

11.54 

+  0.36 

129 

-  0.451 

-0.09 

u 

9 

9 

15 

16 

4177.636 

10.02 

-0.83 

132 

+  0.846 

+  0.02. 

1898 

1 

13 

11 

02 

4303.460 

11.69 

0.00 

137 

-0.238 

ji 

u 

5 

21 

20 

04 

4431.836 

9.28 

-0.99 

141 

+  2.922 

-1.93 

1899 

8 

30 

12 

46 

4897.532 

9.28 

+  0.99 

156 

-  0.942 

+  0.05 

1900 

3 

7 

21 

43 

5086.905 

10.95 

-0.60 

162 

+  0.607 

+  0.01 

u 

8 

9 

20 

13 

5241.842 

9.74 

+  0.89 

167 

-0.976 

-0.09 

1901 

8 

21 

15 

32 

5618.647 

<10.6 

±0.69 

179 

+  0.181 

F 

1902 

4 

28 

17 

44 

5868.739 

11.54 

+  0.36 

187 

-0.159 

JI 

u 

„ 

„ 

18 

18 

5868.762 

11.44 

+  0.46 

u 

-0.136 

51 

u 

ci 

u 

19 

07 

5868.797 

11.44 

+  0.46 

t( 

-0.101 

M 

a 

u 

„ 

19 

37 

5868.817 

11.49 

+  0.44 

41 

-0.081 

M 

u 

u 

u 

20 

20 

5868.847 

11.44 

+  0.46 

U 

-0.051 

M 

" 

" 

" 

20 

34 

5868.857 
■ 

11.44 

+  0.46 

" 

-0.041 

>r 

The  form  of  light  curve  may  be  determined  by  plotting  the  magnitudes  and 
phases  given  in  the  fourth  and  seventh  columns.  The  star  retains  its  full  brightness 
for  28  days,  its  photographic  magnitude  at  maximum  being  8.9.  About  a  day  before 
the  minimum  it  begins  to  diminish,  att^iining  the  magnitude  9.0  at  1''.05  before 
minimum,  9.5  at  0''.94,  10.0  at  0".84,  10.5  at  O^.Tl,  11.0  at  0".58,  and  11.5  at  0''.43. 
The  light  remains  nearly  constant  for  more  than  half  a  day,  vnth  the  minimum 
magnitude  11.6.  The  time  of  increase  is  more  uncertain,  but  apparently  is  nearly 
the  same  as  that  of  decrease.  The  period  of  this  Algol  star,  31.4  days,  is  more 
than  three  times  that  of  any  other  as  yet  discovered,  and  the  duration  of  minimum, 
2  days,  is  double  that  of  SCancri,  the  next  in  length.  The  period  of  S  Cancri  is 
9.5  days,  and  the  duration  of  minimum  0.9  days.     The  last  minimum  of  +43°  4101 
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occurred  on  April  28,  1902,  at  21"  33'"  G.  M.  T.  The  predicted  times  of  the  next 
minima  are  May  30"  4"  51"",  June  30''  12"  8™,  July  31''  19"  26™,  September  1"  2"  44'", 
and  October  2"  10"  2™,  1902. 

The  anomalous  variations  of  Schwab's  variable,  described  in  Circular  No.  64,  were 
explained  by  the  period,  3.38  days,  cabled  by  Professor  Kreutz,  and  annoimced  in 
our  Bulletin  of  February  3,  which  also  stated  that  the  careful  watch  of  this  star, 
proposed  in  the  Circular,  would  therefore  not  be  necessary. 

EDWARD    C.   PICKERING. 

Mav  6,   1902. 


>6> 


Harvard  College  Observatory. 
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MISCELLANEOUS   RESULTS,   No.  1. 

The  circulars  hitherto  pubUshed  have  subserved  their  purpose  in  furnishing  a 
more  prompt  publication  of  results,  than  would  be  secured  by  waiting  for  the 
issue  of  the  volume  of  Annals  which  would  contain  them.  Much  material  has, 
however,  accumulated  which  might  fill  several  circulars.  To  avoid  the  consequent 
delay,  some  of  the  results  are  given  below  in  a  briefer  form. 

Visibility   of   Eros. 

A  letter  lately  received  from  Professor  Bailey  states  that  Eros  was  photo- 
graphed with  the  Bruce  Telescope  on  July  8,  1902.  The  telescope  was  made  to 
follow  a  star  by  means  of  an  eyepiece  adjoining  the  plate,  while  a  motion  was 
given  to  the  latter  equal  to  the  computed  motion  of  Eros.  The  stars  accordingly 
leave  trails  having  a  direction  and  length  corresponding  to  the  motion  of  Eros, 
while  the  planet  appears  as  a  minute  dot,  the  entire  light  being  concentrated  for 
the  whole  time  of  exposure  upon  a  few  silver  particles.  A  second  photograph 
confinned  this  observation.  So  far  as  known,  the  first  visual  observation  of  Eros, 
since  its  recent  conjunction  with  the  Sun,  was  obtained  by  Professor  H.  A.  Howe 
at  the  Denver  Observatory  on  August  2,  1902,  as  announced  in  the  Harvard 
Bulletin  of  August  5,  1902.  It  will  be  remembered  that  the  first  photograph  of 
Eros  after  its  conjunction  in  1899  was  also  obtained  with  the  Bruce  Telescope  on 
April  28,  1900,  by  the  method  described  above.  It  was  first  seen  on  June  6,  1900, 
at  the  Denver  Observatory,  and  later  at  the  Arcetri  Observatory  on  June  30,  1900. 
In  like  manner,  it  was  followed  after  the  opposition  of  1900,  until  March  12,  1901, 
at  Arcetri,  until  June  17,  1901,  at  Denver,  and  until  Sei^tember  9,  1901,  at  Arequipa, 
with  the  Bruce  Telescope. 

Williams'   New  Algol   Variable,   13.1902. 

In  order  to  identify  the  Algol  variable,  13.1902,  recently  announced  by  Mr. 
A.  S.  Williams  (A.N.  159,  309),  its  position  was  marked  on  several  of  the  Draper 
Memorial  photographs.     On  one  of  these,  taken  1893,  July  11''  18''  10'",  G.  M.  T., 
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the  Star  appeared  fainter  than  normal.  On  Mr.  Williams'  scale  its  magnitude  was 
about  11.3,  or  a  little  nearer  in  brightness  to  his  star  d,  than  to  his  star  h.  It  is 
ahso  very  nearly  equal  in  brightness  to  the  star  which  follows  the  variable  about 
45'",  north  6'.8.  This  would  indicate  that  the  time  of  minimum  preceded  or  followed 
the  time  of  taking  the  photograph  by  about  three  hours,  assuming  the  light  curve 
described  by  Mr.  Wilhams.  The  formula  he  gives  indicates  for  E  =  — 918,  a  time 
of  minimimi  J.  D.  2,412,656.720  =  1893,  July  ir' 17M7™,  G.  M.  T.,  omitting  his 
last  three  decimal  places  which  appear  to  be  indeterminate. 

This  photograph,  therefore,  gives  a  correction  to  the  ephemeris  of  +4''  or  — 2''. 
An  examination  of  the  other  plates  of  this  region  would  distinguish  between  these 
two  values,  and  determine  the  correct  one  with  much  greater  accuracy.  Probably 
we  have  at  least  one  hundred  photographs  of  this  region,  although  the  star  may 
be  too  faint  to  appear  on  a  portion  of  them.  On  one  tenth  of  the  photographs 
the  star  should  be  below  its  normal  brightness.  A  precise  correction  to  the 
.ephemeris  can  be  found  from  each  of  these,  if  not  too  near  maximum  or  minimum, 
when  the  photographic  light  curve  has  been  found,  as  can  now  be  readily  done. 
Unfortunately,  the  pressure  of  other  work  will  probably  prevent  the  continuation 
of  this  research  at  present.  As  it  is,  the  observation  given  above  lengthens  the 
period  of  observation  from  less  than  ten  months  to  about  nine  years,  and  increases 
the  accuracy  with  wliich  the  period  can  now  be  determined  in  nearly  the  same 
proportion. 

E.4.i!LY    Observations   of   Nova   Persei,   No.   2. 

As  the  Nova  is  diminishing  in  light  it  becomes  necessary  to  use  comparison 
stjxrs  so  faint  that  they  are  not  contained  in  the  Harvard  Annals,  Volume  XLV 
or  other  photometric  catalogues.  A  sequence  has  accordingly  been  selected  which 
is  given  in  Table  I.  The  designation,  is  followed  by  the  number,  number  of 
grades,  difference  in  right  ascension,  and  difference  of  declination  from  the  Nova, 
taken  from  Hagen's  Second  Catalogue.  The  sixth  column  gives  the  photometric 
magnitude,  found  for  the  stars  b  to  f  from  comparisons  by  Professor  Wendell 
with  star  a.  Constructing  a  curve  with  coordinates  taken  from  the  second  and 
sixth  columns,  we  have  the  means  of  converting  the  estimates  of  Hagen  into 
magnitudes  on  the  photometric  scale.  The  seventh  column  gives  the  residual 
found  by  subtracting  the  magnitude  given  in  the  sixth  column  from  the  Hagen 
magnitude  thus  formed.  Table  II  gives  the  photometric  magnitude  corresponding 
to  various  values  of  Hagen's  grades.  The  fainter  magnitudes  found  by  inter- 
polation are  somewhat  uncertain. 
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TABLE   I. 

SEQUENCE   OF   COMPARISON    STARS. 


%i' 


Dec. 

H. 

Gr. 

Aa 

AS 

Magn. 

n— p. 

Dec. 

H. 

Gr. 

Aa 

A5 

Magn. 

H— P. 

a 

20 

67 

-21 

+  4.8 

9.10 

+  .03 

h 

65 

178 

+  42 

+  4.8 

b 

32 

84 

+  43 

+  8.7 

9.71 

+  .19 

k 

66 

179 

+  33 

-4.1 

c 

34 

92 

-65 

+  3.4 

10.57 

-.32 

1 

68 

185 

+  34 

+  1.5 

d 

42 

111 

+  35 

+  0.2 

11.03 

+  .01 

m 

74 

199 

+  21 

+  1.6 

e 

46 

133 

-82 

+  6.3 

11.94 

-.08 

n 

77 

209 

+  13 

+  1.0 

f 

49 

145 

-24 

-1.5 

12.23 

+  .03 

0 

80 

-   3 

-0.5 

g 

56 

161 

-17 

+  2.4 

Table  II  furnishes  the  means  of  determining  the  limiting  magnitude  below 
which  the  Nova  must  have  been  before  its  discovery.  The  last  photograjih  taken 
before  it  was  found  on  February  21,  1902,  was  obtained  by  Mr.  A.  S.  WilUams  on 
February  20.  It  is  reproduced  in  Knowledge,  XXIV,  152.  All  stars  included  in 
the  region  covered  by  the  print,  and  brighter  than  Hagen  No.  42,  are  shown 
except  Nos.  29,  34,  36,  38,  and  39.  The  absence  of  No.  39  is  perhaps  due  to  the 
proximity  of  No.  28.  Stars  of  the  magnitude  10.9  are  therefore  shown,  and  we 
may,  hence,  infer  that  the  Nova  was  below  this  limit  on  February  20.  Several 
defects  appear  on  this  print  which  cannot  be  distingviished  from  stars.  The  next 
photograph  preceding  this  was  obtained  at  this  Observatory,  and  is  sho^vn  in 
Figure  1  of  Circular  No.  57.  This  print  shows  all  stars  brighter  than  No.  49, 
except  No.  39.  The  Nova  must  therefore  have  been  fainter  than  the  magnitude 
12.0  on  that  date." 


TABLE   II. 

RELATION   OF   HAGEN'S   GRADES   TO    MAGNITUDES. 


Grades. 

Magnitudes. 

Grades. 

Magnitudes. 

Grades. 

Magnitude?:. 

Grades. 

Magnitudes. 

0 

6.56 

50 

8.39 

100 

10.59 

150 

12.42 

10 

6.90 

60 

8.82 

110 

11.00 

160 

12.72 

20 

7.25 

70 

9.27 

120 

11.39 

170 

13.00 

30 

7.61 

80 

9.72 

130 

11.76 

180 

13.25 

40 

7.99 

90 

10.16 

140 

12.10 

190 

13.48 
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About  a  year  ago,  Father  Zwack  of  the  Georgetown  College  Observatory  called 
mv  attention  to  a  faint  sfair  which  appeared  on  one  of  our  early  photographs  so 
near  the  position  of  the  Nova  that  careful  measurements  were  required  to  determine 
wliether  the  positions  are  identical  or  not.  A  measurement  of  several  of  the  early 
plates  gave  the  magnitudes  of  this  object  on  October  26,  December  2,  1890, 
January  20,  March  11,  December  10,  1891,  January  25,  1893,  October  11,  1894, 
October  17,  1897,  and  March  7,  1900,  as  12.95,  13.37,  <13.7,  <13.4,  <13.7,  14.06, 
13.15,  13.46,  and  13.36,  respectively.  The  images  of  this  star  on  the  photographs 
taken  in  1890  are  somewhat  uncertain,  but  a  comparison  of  the  photographs  taken 
in  1893  and  1894  leaves  little  doubt  of  the  variability  of  this  object.  Measure- 
ments of  its  position  were  made  on  the  last  three  photographs  mentioned  above. 
Taking  the  position  in  which  the  Nova  appeared  as  an  origin,  the  values  of  x  for 
this  star  are  — 1".6,  +1".2,  and  +0".2,  those  of  y,  +1".3,  — 1".0,  and  — 0".2, 
respectively.  These  measures  are  based  on  the  positions  of  the  stars  Nos.  20,  56, 
77,  78,  79,  80,  and  81,  determined  micrometrically  at  the  Lick  Observatory. 

The  object  announced  by  M.  S.  Blajko,  A.  N.  157,  193,  which,  according  to 
his  measures,  followed  the  Nova  0*.31,  south  7",  on  January  30,  1899,  is  doubtless 
identical  with  this  object.  Hagen's  double  stiir.  No.  69,  whose  position  is  40" 
distant  from  the  Nova,  does  not  appear  on  any  of  these  photographs,  although 
much  fainter  stars  are  shown. 

We  may  therefore  conclude  that  a  star  whose  light  varied  from  the  thirteenth 
to  the  fourteenth  magnitude  was  visible  for  several  years  within  one  or  two 
seconds  of  arc  of  the  Nova,  the  difference  in  position  being  less  than  the  errors 
of  measurement. 

EDWARD    C.   PICKERING. 

OCTOr.EK    31,     1902. 


Harvard  College  Observatory. 
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THE   TOTAL.  LUNAR   ECLIPSE   OF   OCTOBER   16,  1902. 

A  SERIES  of  measures  was  made,  by  Professor  W.  H.  Pickering,  of  the  diameter 
of  the  bright  spot  surrounding  Linne  before  and  after  the  passage  of  the  shadow  of 
the  Earth  during  the  total  lunar  eclipse  of  October  16,  1902.  The  measures  were 
all  made  in  a  north  and  south  direction,  with  the  filar  micrometer  attached  to  the 
15-inch  Equatorial.  The  magnifying  power  used  was  550  diameters.  The  seeing 
was  fairly  good,  and  nearly  uniform  throughout  the  observations,  being  about  5  on 
the  standard  scale  of  10  (Harvard  Annals,  XXXII,  120).  After  the  passage  of  the 
shadow  it  was  slightly  inferior,  perhaps  4.  Unfortunately,  clouds  stopped  obser- 
vations before  an  absolute  measure  of  the  quaUty  of  the  seeing  could  be  made. 


TABLE   I. 

DIAMETER    OF    LIXNE    IN    1002. 


Date. 

G.  M.  T. 

Micrometer. 

Residuals. 

Aver.  Dev. 

Uncorr. 

Corr. 

October  15 

h.        m. 

11     19 

.371 

.015,  .004,  -010 

.010 

2.44 

2."69 

<.            u 

u      33 

.352 

.011,  .017,  .007 

.012 

2.30 

2.55 

i       ii 

u      39 

.370 

.003,  .001,  .003 

.002 

2.43 

2.68 

u 

u      48 

.360 

.005,  .002,  .008 

.005 

2.36 

2.61 

16 

13     22 

.358 

.012,  .015,  .026 

.018 

2.34 

2.59 

u 

»      32 

.395 

.004,  .007,  .011 

.007 

2.62 

2.87 

I               u 

u      43 

.397 

.005,  .010,  .015 

.010 

2.64 

2.89 

i            u 

15     12 

.361 

.012,  .031,  .019 

.021 

2.37 

2.62 

I       « 

u      23 

.386 

.010,  .003,  .008 

.007 

2.56 

2.81 

i               u 

u      35 

.359 

.011,  .011,  .000 

.007 

2.35 

2.60 

i              u 

16     13 

.371 

.001,  .004,  .004 

.003 

2.44 

2.69 

i               u 

H      26 

.381 

.017,  .011,  .005 

.011 

2.52 

2.77 

c            u 

«      38 

.400 

.012,  .003,  .015 

.010 

2.66 

2.91 

a 

u      50 

.425 

.004,  .007,  .010 

.007 

2.85 

3.10 

c             « 

«      58 

.441 

A 

2.97 

3.22 

,            a 

«      59 

Linn<5  obscured 

i 

19     25 

Linn6  emerged 

<                    Ci 

«      31 

.773 

.145,  .122,  .022 

.096 

5.48 

5.73 

i              u 

"      43 

.707 

.028,  .011,  .017 

.019 

4.98 

5.23 

>            u 

»      56 

.765 

.022,  .014,  .035 

.024 

5.42 

5.67 

'            " 

20     10 

734 

A 

5.18 

5.43 
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In  Table  I.  the  first  two  columns  give  the  date  and  the  Greenwich  Mean  Time. 
The  third  column  gives  the  mean  of  the  three  differences  derived  from  six  micro- 
meter settings.  The  residuals  of  the  three  differences  are  given  in  the  fourth 
column,  and  their  average  de\'iation  in  the  fifth.  The  last  measure  before  Linn^ 
was  obscured,  and  the  last  measure  of  the  series,  are  each  derived  from  but  one 
difference.  Since  the  micrometer  readings  were  made  by  the  method  of  placing 
both  threads  on  the  same  side  of  the  object,  which  has  been  found  best  for  the 
measurement  of  fine  and  faint  planetary  detiiil  (Harvard  Annals,  XXXII,  119),  it  is 
necessary  to  subtract  a  correction  of  0.047  from  the  readings,  to  allow  for  the 
thickness  of  the  micrometer  thread.  The  result  is  then  reduced  to  seconds  of  arc 
bv  multiplying  by,  7".54,  the  pitch  of  the  micrometer  screw.  A  correction  of  0".25 
for  subjective  effect  is  then  added,  for  the  reason  described  in  the  above  mentioned 
Volume,  page  204.  These  results  are  given  in  the  last  two  columns  of  the  table. 
During  the  observations,  on  October  15,  the  Sun  had  been  shining  upon  Linne  7.4 
days,  on  October  16,  from  8.5  to  8.7  days. 

In  comparing  the  results  given  in  Table  I  with  I)re^'ious  measures  of  Linne, 
made  imder  similar  circumstances,  —  that  is  to  say,  when  the  Sun  had  been  shining 
upon  it  for  7,  8,  or  9  days,  —  the  first  fact  we  note  is  that  the  spot  has  grown 
materially  in  size, during  the  last  three  jears.  Of  the  nineteen  measm-es  made  in 
1898  and  1899,  given  in  the  following  table,  in  only  one  case,  that  on  December  15, 
1899,  was  the  diameter  as  large  as  the  smallest  measure  included  in  the  present 
series.      The  Sun  had  then  been  shining   upon  Linne  only   7.1   days,  so  that  the 


TABLE   II. 

DIAMETER    OF   LIN'Xfi    IN    1898    AXD    1809. 


Dati-. 

Days. 

Sceinp. 

Reference. 

Diam. 

Date. 
1800. 

Davs. 

■ 

Seeing. 

Rcl.rcnie.                     Diani. 

April    6 

9.3 

3 

Annals  XXXII,  206 

2.53 

Dec.    15 

7.1 

4 

Pop.  Astr.  VIII,  58    2.71 

Aug.  30 

7.5 

0 

>                     a 

2.52 

u         u 

j^ 

5 

«     2.54 

u         a 

7.6 

2 

i                         u 

2.35 

ct      16 

8.1 

6 

2.26 

»      31 

8.5 

1 

I                     « 

2.19 

«          u 

u 

6.5 

2.01 

Sept.     1 

9.6 

5 

u 

2.20 

u         u 

<( 

6.5 

1.98 

u        » 

9.7 

6 

(                       u 

2.51 

u 

8.2 

8 

2.11 

c<      -29 

8.2 

3 

260 

2.19 

U              i( 

u 

8 

U                               i<. 

1.97 

Dec.   26 

It       (( 

7.4 

7.5 

0 
0 

;     :; 

2.37 
1.89 

"     " 

" 

8 

" 

1.93 

H            » 

7.6 

2 

i                           u 

2.01 

«      27 

8.6 

0 

(                   (( 

2.05 
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latter  had  not  had  time  to  shrink  to  its  minimum  size,  as  was  shown  by  the  other 
measures  made  on  the  following  day.  The  minimum,  it  will  be  remembered,  comes 
8.5  days  after  sunrise.  The  increased  size  of  the  spot  tliis  year  woidd  seem  to 
imply  increased  activity  of  the  crater. 

In  Fig.  1  the  abscissas  represent  hours  in  Greenwich  Mean  Time,  on  October  16, 
1902,  taken  from  the  second  column  of  Table  I.  The  ordinates  represent  seconds 
of  arc  taken  from  the  last  column.  The  two  dotted  lines  indicate  the  times  when 
the  penumbra  reached  and  left  Linne,  and  the  two  heavy  lines  indicate  the  same 
thing  for  the  umbra.  It  will  be  observed  that 
on  tlie  approach  of  the  latter  the  white  spot 
began  to  grow  in  size,  and  that  by  the  time  the 
umbra  had  passed,  the  diameter  of  the  spot  was 
very  materially  increased.  The  increase  of  size 
amounted  to  about  2". 75.  This  increase  was 
unexpectedly  large,  for,  after  the  eclipse  of  1898, 
according  to  the  measures  made  by  Douglass,  by 
three  different  methods  (Harvard  Annals,  XXXII, 
261),  it  amounted  to  only  0".82,  0".73,  and  0".15. 
According  to  Mr.  W.  H.  Pickering's  measures,  made 
during  the  eclipse  of  1899  (Popular  Astronomy, 
VIII,  58),  the  increase  amounted  to  only  0".14. 

Mr.  Pickering  remarks  that  in  the  present 
instance  the  great  increase  in  size  could  not 
have  been  due  to  defective  seeing  after  totality, 

for  the  effect  of  bad  seeing  on  spots  of  this  size  is  rather  to  diminish  their  dimen- 
sions, as  shown  by  the  measurements  of  artificial  disks  (Harvard  Annals,  XXXII, 
136  and  142),  and  therefore  could  not  produce  the  effect  observed.  "Moreover," 
he  says,  "  this  change  in  size  was  so  conspicuous  to  the  eye,  even  before  I  made 
any  measures,  that  at  first  I  queried  whether  the  object  could  really  be  Linne. 
To  satisfy  myself  I  reidentified  it  by  means  of  some  small  craterlets  in  its  imme- 
diate vicinity.  It  is  certain  that  at  no  time  during  the  observations  was  the 
seeing  as  good  nor  as  bad  as  it  had  been  during  some  of  the  observations  made 
in  1898  and  1899,  when  the  spot  was  very  much  smaller,  as  shown  by  the  second 
table. 

"The  real  explanation  of  the  unusually  large  change. in  size  of  the  spot  1  believe 
to  be  that  Linne  was  more  active  than  heretofore,  and  therefore  that  there  was  more 
moisture  about  it  to  condense. 
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"A  series  of  measures  made  on  October  20,  at  lo*  20™,  or  12''. 6  after  sunrise, 
gave  a  diameter  of  4".61.  Seeing  3  on  the  standard  scale.  The  seeing  as  judged 
by  the  image  of  the  Moon  was  clearly  inferior  to  that  at  any  time  during  the 
nio-ht  of  October  16.  The  image  of  Linne  was  much  larger  than  it  appeared  by 
any  of  the  measures  made  before  the  eclipse,  and  much  smaller  than  it  appeared 
by  any  of  the  measures  made  after  it.  It  therefore  appears  that  the  sudden 
increase  of  size  after  totality  could  not  be  due  to  inferior  seeing. 

"  It  also  appears  that  on  or  before  October  20  the  spot  had  again  begun  to  shrink 
in  size,  due  presumably  to  evaporation  in  the  intense  sunlight.  Four  measures  of  the 
spot  made  in  1898,  from  12''.4  to  13''. 7  after  sunrise,  gave  diameters  of  3".52,  3".24, 
3".42,  and  3".46  (Harvard  Annals,  XXXII,  206).  The  measure  made  on  October  20 
of  this  year,  4". 61,  therefore  confirms  those  of  October  15  and  16  in  showing  that 
the  spot  has  increased  in  size  during  the  last  three  years. 

"  In  future  observations  one  should  take  pains  to  note  before  totahty  the  exact 
position  of  Linne  with  respect  to  points  to  the  east  of  it,  so  that  on  its  reappearance 
from  the  shadow  not  a  moment  may  be  lost  in  identification.  In  order  to  secure 
satisfactory  comparisons  with  the  observations  of  past  and  future  ecUpses,  it  is  recom- 
mended that  the  standard  scale  of  seeing  should  be  used  when  making  these  obser- 
vations whenever  there  is  an  opportunity,  particularly  just  after  disappearance  and 
before  reappearance." 

EDWARD    C.   PICKERING. 

November  17.  1002. 


1^ ' 


Haryard  College  Observatory, 
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TRANSPARENCY   OF    COMET   1902  b. 


TABLE    I. 


OBSERVATIOXS. 


The  statement  is  frequently  made  that  comets  are  perfectly  transparent,  even 
faint  stars  being  visible  through  them.  The  observations  on  which  this  statement 
is  based  appear  to  be  very  vague,  as  even  if  careful  comparisons  were  made  large 
errors  might  be  introduced  by  the  effect  of  the  bright  background  formed  by 
the  light  of  the  comet.  The  rapid  motion  of  Comet  1902  b  caused  it  to  cover  a 
large  area  and  therefore  rendered  it  easier  to  find  a  star  over  which  it  would 
pass.  After  waiting  for  a  suitable  occasion,  the  observations  given  in  Table  I 
were  made  by  Professor  0.  C.  Wendell  ^vith  the  polarizing  photometer  attached  to 
the  15-inch  Equatorial.  On  the  evening  of  October  14,  1902,  the  comet  passed 
within  about  1'  of  the  star  +  21°  3483,  photometric  magnitude  7.12.  This  star  was 
compared  with  +21°  3484,  magnitude  8.19.  Each  set  of  observations  was  the  mean 
of  sixteen  settings.  The  Greenmch  Mean  Time 
is  given  in  the  first  column,  the  difference  in 
magnitude  of  the  two  stars  in  the  second,  and 
the  deviation  of  this  magnitude  from  the  mean 
value,  1.07,  in  the  third  column.  A  positive 
sign  indicates  that  the  star  +21°  8483  was 
faint,  a  negative  sign  that  it  was  bright.  The 
fourth  cokunn  gives  the  distance  of  the  nucleus 
of  the  comet  from  the  star.  The  diameter  of 
the  coma  was  about  five  or  six  minutes.  The 
star  was,  therefore,  covered  by  it  in  the  first 
three  observations.  The  nucleus  resembled  a 
star  of  about  the  tenth  magnitude  and  the 
brightness  of  the  coma  was  about  that  of  a  star  of  the  ninth  magnitude  when 
spread  over  a  circle  one  minute  in  diameter.  The  largest  residual  — 0.05  is  the 
last  one',  when  the  altitude  of  the  comet  was  only  22°.  The  mean  of  all  the 
residuals  is  ±0.02.  It  appears,  therefore,  that  the  absorption  of  the  Ught  by 
the  comet,  if  any,  is  insensible,  .ind  probably  does  not  exceed  one  or  two 
hundredths  of  a  mao;nitude. 
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ASTEROIDS. 


^T 


Trails  of  a  large  niunber  of  asteroids  appear  upon  the  Bruce  plates,  in  one  case 
no  less  than  seven  being  photographed  on  a  single  plate.  A  list  of  these  is  in 
course  of  preparation.  The  positions  of  three  of  those  recently  found,  the  first  by 
Professor  Bailey,  the  last  two  by  Mr.  Frost,  are  given  in  Table  II.  The  date,  the 
Greenwich  Mean  Time,  the  right  ascension  for  1875,  and  the  declination  for  1875, 
are  given  in  the  successive  columns. 


TABLE   II. 

POSITIONS   OF   ASTEROIDS. 


Ast. 

Date. 

G.  M.  T. 

R. 

A.  1S76. 

Dec.  187.i. 

Ast. 

Date. 

G.  M.T. 

R.  A.  IS 

76. 

Dec.  1875. 

1 

July  30, 1902 

A.  m. 

15  54 

A. 
19 

45  30 

-22  14.0 

1 

Oct.  22,  1902 

h.      m. 

12  40 

h.       m. 

19  54 

19 

-29  43.9 

a        1,   « 

15  46 

19 

44  46 

-22  22.9 

2 

Aug.  21,  u 

12  24 

19  16 

6 

-  29  3.9 

«   2,  « 

15  46 

19 

44   0 

-22  31.8 

ii 

Sept.  2,  u 

15  11 

19  11 

44 

-29  16.0 

u      3,  « 

16  13 

19 

43  12 

-22  40.8 

u 

u     22,  u 

13  24 

19  13 

22 

-29  11.2 

Aug.  21,  « 

12  24 

19 

6  52 

-28  59.4 

« 

.c  30,  u 

13  2 

19  16 

59 

-29  2.6 

Sept.  2,  « 

15  11 

19 

6  35 

-29  46.4 

„ 

Oct.  21,  u 

13  2 

19  33 

18 

-28  22.6 

«   22,  a 

»  30,  u 

13  24 
13  2 

19 
19 

17  17 
24  57 

-30  21.3 

-30  21.8 

3 

«  21,  « 

13  2 

19  31 

48 

-29  11.1 

No  asteroids  are  given  in  the  Berlin  Jahrbuch  for  1904  in  the  positions  of 
Nos.  1  and  2.  Vesta  was,  of  course,  a  conspicuous  object  on  several  of  the 
photographs. 

EDWARD    C.  PICKERING. 


•  January  27.  1903. 


Hakyari)  College  Observatory.  ^^ 
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GRANT   FROM   THE   CARNEGIE   INSTITUTION. 

A  grant  has  recently  been  made  by  the  Carnegie  Institution,  for  the  study  of 
the  collection  of  photographs  at  the  Harvard  College  Observatory.  For  many 
years,  two  photographic  doublets  of  similar  form  have  been  in  constant  use  plioto- 
graphing  the  sky  night  after  night.  The  aperture  of  each  is  eight  inches,  and 
the  focal  length  about  four  feet.  The  first  of  these  photographs  was  obtained  with 
the  Bache  Telescope  in  1885,  and  since  1889  this  instrument  has  been  mounted 
in  Peru,  first  near  Chosica  and  later  at  the  Arequipa  Station  of  this  Observatory, 
and  employed  mainly  in  the  study  of  the  southern  stars.  The  8-inch  Draper 
Telescope  hiis,  in  the  same  way,  been  mounted  in  Cambridge,  and  used  on  the 
northern  stars  since  1889.  About  30,000  eight  by  ten  inch  photographs,  each 
covering  a  region  ten  degrees  square,  have  been  obtained  with  each  of  these 
telescopes.  Photographic  charts  have  been  made  with  these  instruments,  covering 
the  entire  sky  on  from  one  hundred  to  two  hundred  nights,  and  showing  all  stars 
brighter  than  about  the  twelfth  magnitude,  besides  many  that  are  fainter.  During 
the  last  four  years,  this  work  has  been  supplemented  by  taking  photographs  with 
two  Anastigmat  lenses  having  clear  apertures  of  about  one  inch.  Each  photograph 
covers  a  region  30°  square,  and  in  general  shows  stars  of  the  eleventh  magnitude 
and  brighter.  The  niunber  of  times  the  entire  sky  is  covered  has  thus  been  greatly 
increased.  The  amount  of  material  thus  collected  has  required  a  special  building 
for  its  accommodation,  and  the  means  of  the  Observatory  have  so  far  permitted 
but  a  small  part  of  the  astronomical  facts  contained  on  the  photographs  to  be 
gathered.  The  Henry  Draper  Memorial  has  enabled  the  most  important  results  to 
be  derived  from  the  numerous  photographs  of  the  spectra  of  the  stars,  and  the 
past  history  of  many  of  the  objects  discovered  here  to  be  studied.  When  any 
object  of  interest  is  discovered,  the  photographs  permit  its  brightness  and  po.sition 
to  be  determined  on  one  hundred  or  more  nights,  during  the  last  twelve  years, 
and  many  important  facts  not  recorded  at  any  other  observatory  are  thus  deter- 
mined. By  the  aid  of  the  grant  mentioned  above,  a  corps  of  asssistaiits  will  be 
organized,  whose  duty  will  be  the  study  of  the  photographs  as  regards  any  objects 
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of  special  interest.  This  work  has  already  been  begun,  and  examples  are  given 
below  of  the  study  of  a  star  suspected  of  proper  motion,  of  a  variable  of  the  Algol 
tvpe,  of  a  variable  of  long  period,  and  of  asteroids  not  recently  observed. 


SUSPECTED   PROPER  MOTION   OF   -1°  3359. 

In  a  recent  publication  (Astron.  Nach.  160,  316),  M.  Pidoux  has  called  attention 
to  the  difference  between  the  present  position  of  the  star.  — 1°  3359,  and  that  given 
in  the  Bonn  Durchmusterung  for  1855.  A  comparison  with  the  position  of 
— 1°  336U  showed  that  the  position  of  — 1°  3359  apparently  followed  its  position  for 
1855  by  2*.4,  and  was  north  V.o.  Altliough  Professor  Kreutz  has  pointed  out  that 
this  difference  does  not  greatly  exceed  the  errors  to  be  expected  in  the  Durch- 
musterung. yet  it  seemed  desirable  to  compare  early  and  late  photographs  of 
this  star  in  order  to  see  if  this  \vas  the  true  explanation.  A  comparison  of  two 
photographs  taken  with  the  8-inch  Draper  Telescope  on  September  20,  1891,  and 
on  Juh"  12,  1901,  showed  that  the  adjacent  star,  — ^1°  3364,  dift'ered  still  more  than 
— 1°  3359,  from  its  position  in  the  Durchmusterung.  Accordingly,  measures  of 
the  approximate  positions  of  several  of  the  adjacent  stars  were  made  by  Mrs. 
Fleming  with  a  plate  ruled  in  squares  a  millimetre  on  a  side,  the  positions  being 

estimated  to  twentieths. 

Table  I  gives  the  results  of  these  measures, 
and  shows  how  mucli  tlie  positions  of  these  stars 
appear  to  have  changed  during  the  last  half  cen- 
turv.  The  number  of  the  star  in  the  Zone  — 1° 
is  given  in  the  first  column,  and  the  differences 
found  by  sul)tracting  the  right  ascension  in  the 
Durchmusterung  from  those  derived  from  the  two 
plates  are  given  in  the  second  and  third  columns. 
The  diff'erences  in  declination  are  similarly  given 
in  the  fourth  and  fifth  columns.  Positive  signs 
therefore  indicate  that  the  star  is  now  following 
and  nortli  of  its  position  as  given  in  the  Durch- 
musterung.  The  dcAaations  of  — 1°  3359  and  of 
— 1°  3364  are  thus  confirmed.  In  neither  case, 
however,  is  there  any  evidence  of  change  during 
the  last  ten  years,  and  the  deviations  are  doubtless  due  to  errors  in  the  Durch- 
musterung.     In    the    case    of   — 1°  3364,    the    change    in    declination    should    have 


TABLE   I. 
OBSERVED    I'OSITIOXS. 


DM.— 1° 

Aa 

A3 

3354 

+  0.2 

+  0.3 

0.0 

0.0 

3355 

-1.3 

-1.1 

0.0 

(I.U 

3356 

-1.3 

-0.6 

+  0.3 

+  0.1 

3357 

-0.5 

+  0.2 

+  0.3 

+  0.1 

3358 

+  0.3 

+  0.1 

+  0.8 

+  0.S 

3359 

+  2.5 

+  2.1 

+  1.0 

+  0.9 

3360 

+  0.1 

+  0.2 

-0.6 

-  0.5 

3361 

+  0.2 

-0.3 

0.0 

+  0.1 

3362 

+  0.1 

+  0.2 

-0.4 

-0.5 

3363 

+  0.2 

0.0 

0.0 

-0.1 

3364 

+  1.2 

+  1.6 

-4.3 

-4.2 

3365 

+  1.5 

+  1.1 

0.0 

0.0 
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amounted  to  a  whole  minute  of  arc,  had  the  deviation  been  due  to  proper  motion. 
It  also  appeared  ivom  superposing  the  two  plates  that  none  of  these  stars  had  a 
sensible  proper  motion,  which  would  have  been  very  conspicuous  in  the  case  of 
—1°  3359,  and  —1°  3364,  had  the  deviations  been  due  to  this  cause.  Omitting 
these  two  stars,  the  average  values  of  the  observed  differences  in  right  ascension 
between  the  plates  and  the  Durchmusterung  are  ±0^06  and  ±0^.04,  and  in  decli- 
nation, ±0'.2  and  =b0'.2.  The  average  differences  in  the  results  of  the  measures 
of  the  two  plates  are  ±0'.03  in  right  ascension,  and  ±0'.l  in  declination.  A  star 
whose  position  for  1855  is  R.  A.  =17''  26'"  o4''.8,  Dec.  = —0°  41'. 6,  appears  on 
both  of  these  plates,  and  is  omitted  in  the  Durchmusterung,  although  it  is 
brighter  photographically  than  the  stars  3354,  3357,  3359,  3361,  3363,  3364,  and 
3365,  of  Table  I.  This  star  does  not  appear  to  be  variable,  since  on  photographs 
taken  on  September  20,  1891,  May  7,  July  2,  1893,  June  1,  1895,  May  12,  June  30, 
1896,  May  22,  1897,  April  2,  May  27,  1898,  May  2,  May  24,  1899.  May  8,  1900, 
July  12,  and  October  10,  1901,  it  always  appeared  about  one  grade  brighter  than 
—0°  3321,  and  three  grades  fainter  than  —0°  3320.  The  spectrum  of  this  star  is 
apparently  between  the  first  and  second  types. 

MME.  CERASKI'S  ALGOL  VARIABLE.  20.1902. 

In  the  Astron.  Nach.  160,  303,  the  announcement  is  made   that  Mine.  Ceraski 
of   the    Moscow    Observatory   has   found    that   a   star   whose    position   for    1900   is 


TABLE   II. 

OBSERVATIONS    NEAR   MINIMUM. 


Y.  M. 

D. 

J.D. 

Magii. 

Y. 

M.  D. 

J.D. 

Mugn. 

Y.  M.  D. 

•  J.D. 

Magii. 

92  9 

8 

2350.644 

12.68 

01 

12  18 

5737.494 

12.53 

02  12  31 

6115.583 

12.74 

u  10 

6 

2378.573 

13.12 

.4 

12  21 

5740.430 

12.53 

u       u   « 

u  .587 

12.83 

96  11 

22 

3886.597 

13.02 

02 

11  20 

6073.10 

<12.4 

u       u       u 

»  .600 

12.45 

97  9 

15 

4183.601 

12.59 

12  28 

6112.528 

13.07 

u   u   u 

cc  .615 

12.93 

98  8 

5 

4507.576 

12.64 

«     41 

u  .578 

13.22 

03  1  9 

6124.437 

12.83 

99  5 

10 

4785.40 

<12.4 

u    31 

6115.463 

12.78 

u       u       u 

»  .443 

12.86 

u   9 

22 

4920.572 

<13.2 

u   u 

u  .532 

13.56 

u       u       u 

u    .449 

12.79 

u   u 

u 

u  .585 

13.79 

u   u 

«  .549 

13.36 

«   u   u 

u  .465 

12.51 

«  10 

23 

4951.610 

<13.2 

u   u 

«  .554 

13.27 

CI   «   u 

<c  .467 

12.64 

00  2 

5 

5056.485 

13.27 

u   » 

«  .565 

13.07 

u   u   12 

6127.430 

12.64 

u      8 

25 

5257.35 

<12.4 

"  " 

«  .569 

13.01 

CIRCULAR   NO.    69. 


R.  A.  =21"  2""  20'.2,  Dec.  =  +45°  22'  35",  is  a  variable  of  the  Algol  type.  Ten 
photrOgraphs  had  been  taken  at  Moscow  of  the  region  containing  it.  and  from  these 
it  wa.s  concluded  that  its  period  was  eighteen  days,  or  a  little  less.  One  hundred 
and  thirtA-.-^ix  of  the  Harvard  ])hotographs  covered  this  region,  but  the  faintness 
of  this  star,  which  is  never  l)righter  than  the  twelfth  magnitude,  enabled  it  to  be 
studied  on  only  ninety  of  them.  Oil  ten  nights  the  star  appeared  to  be  faint,  and 
on  the  others  to  be  of  nearly  normal  luightness.  Since  its  announcement,  it  has 
been  followed  closely  here,  and  found  to  be  faint  on  four  more  nights.  A  list  of 
the  photographs  on  which  it  is  faint  is  given  in  Table  11.  The  successive  columns 
give  the  year,  month,  and  day,  the  Julian  Day  and  fraction  following  Greenwich 
Mean  Noon,  and  the  photograjjliic  magnitude.  The  three  dates  on  which  Mme. 
Ceraski  found  the  star  fainter  than  normal.  J.  D.  4785,  5257,  and  6073,  and 
the  four  dates  on  which  it  has  recently  been  found  to  be  faint  here,  are  also 
included. 

No    period    has    l)een    found    that    satisfactorily    represents    these    observations. 
An  early  publication  is  therefore  made,   to  induce  astronomers  to  watch   this  star. 

The  later  photographs  indicate  minima  at  J.  D. 
(3112.56,  6115.51,  6124.38,  and  at  about  6127.3. 
These  alone  would  give  a  period  of  about  2''.U6, 
or  perha|)s  1''.48.  These  periods  do  not  satisfy 
the  earlier  observations,  and  it  seems  difficult  to 
satisfy  them  with  any  uniform  period. 

The  magnitudes  given  in  Table  II  depend  upon 
the  comparison  stars  cont<iined  in  Table  III.  The 
designation,  the  rectangular  coordinates  expressed 
in  seconds  of  arc,  and  referred  to  the  variable  as 
an  origin,  and  the  adopted  photographic  magni- 
tude, are  given  in  the  successive  coknnns. 

The  additional  material  relating  to  this  star  is 
contained  in  Table  1\'  in  an  aljridged  form.  The  Julian  Day  and  fraction,  and 
the  photographic  magnitude,  are  given  in  the  successive  columns. 

On  two  photographs,  taken  on  J.  D.  2678.817  and  6108.593,  the  images  appear 
to  be  ail'ected  by  defects,  and  give  the  magnitudes  12.10  and  11.77.  They  have 
not  been  included  in  Table  lY.  The  mean  of  the  other  magnitudes  is  12.35,  and 
the  averatje  deviation  from  the  mean  is  ±0.06. 


TABLE    111. 

CdMl'AHISoN    STAK 

s. 

Design. 

N 

V 

Mag"- 

h 

-    87 

-194 

11.71 

k 

+  461 

-123 

11.98 

1 

-112    1-60 

12.17 

m 

-    62    !    +236 

12.54 

u 

+    72       +      1 

12.83 

0 

+69       -    73 

13.11 

P 

+  148       -238    j 

13.33 

q 

+  248       -328 

13.79 

CIRCULAR   NO.    60. 


-)  ^ 


TABLE    IV. 

OBSERVATIONS    AT    MAXIMUM. 


J.  n. 

Mi<«ii. 

.1. 1). 

Mur... 

.1.0. 

M;lf:il. 

•J.  D. 

M:l^-ll. 

.1.  D. 

JL,f..|,. 

1613.649 

12.26 

.3405.761 

12.40 

4477.806 

12.30 

5175.728 

12.26 

6114.528 

12.40 

1964.676 

12.30 

3438.629 

12.40 

4507.576 

12.36 

"  .746 

12.30 

»  .553 

12.36 

1965.694 

12.30 

3439.760 

12.40 

4546.576 

12.40 

5203.825 

12.15 

u  .600 

12.40 

u  .711 

12.46 

3442.700 

12.30 

4580.539 

12.30 

6213.800 

12.26 

6116.472 

12.15 

2344.672 

12.40 

3450.591 

12.30 

4595.536 

12.40 

5326.515 

12.30 

u    .557 

12.30 

234S.651 

12.40 

3751.598 

12.40 

4639.464 

12.30 

5334.566 

12.36 

6120.472 

12.30 

2353.621 

12.40 

3792.689 

12.40 

4773.838 

12.36 

5340.635 

12.36 

6123.461 

12.21 

2362.608 

12.40 

3807.685 

12.40 

4799.817 

12.15 

5352.522 

12.40 

6124.483 

12.40 

2363.582 

12.40 

3829.484 

12.40 

4850.724 

12.40 

5376.452 

12.26 

»  .487 

12.36 

2374.556 

12.30 

3843.569 

12.40 

4910.595 

12.26 

5652.663 

12.26 

u  .497 

12.30 

2383.577 

12.40 

3857.577 

12.40 

4912.534 

12.40 

5734.583 

12.30 

c.  .515 

12.36 

2665.801 

12.40 

3859.622 

12.40 

4913.535 

12.40 

5737.515 

12.30 

»  .540 

12.25 

266S.759 

12.37 

3905.479 

12.30 

u  .544 

12.30 

5928.826 

12.40 

u    .568 

12.30 

2672.712 

12.26 

4034.863 

12.36 

4925.562 

12.26 

6107.457 

12.26 

6127.444 

12.40 

2674.744 

12.46 

4106.628 

12.40 

"  .573 

12.21 

u    .578 

13.40 

u  .446 

12.40 

«  .764 

12.30 

41.50.815 

12.40 

4928.569 

12.30 

6108.446 

12.46 

»  .460 

12.40 

2701.590 

12.46 

4154.751 

12..30 

u  .579 

12.40 

6111.444 

12.30 

u    .476 

12.40 

2705.617 

12.36 

4165.664 

12.40 

4931.572 

12.30 

u    .519 

12.36 

u  .476 

12.00 

2758.489 

12..30 

4183.601 

12.40 

u    .579 

12.3(1 

u  .602 

12.26 

u    .493 

12.10 

2761.478 

12.40 

4207.647 

12.36 

4966.465 

12.36 

6114.453 

12.46 

u  .511 

12.40 

2948.860 

12.40 

4221.464 

12.26 

4979.495 

12.40 

«  .471 

12.36 

»  .528 

12.40 

3112.569 

12.36 

4228.462 

12.30 

5049.951 

12.36 

ANDERSON'S   VARIABLE,    18.1902. 

In  the  Astrou.  Nach.  160,  271,  the  Rev.  T.  D.  Anderson  announces  that  a  star 
whose  position  for  1855  is  R.  A.  =16''  10'". 3,  Dec.  =  +38°  8'  is  variable,  and  that 
its  magnitudes  on  November  1,  November  7,  November  18,  and  Novemljer  21, 
1002,  were  8.5,  8.7,  9.2,  and  9.3,  respectively.  From  an  examination,  it  appeared 
tliat  eighty-four  of  the  Harvard  photographs  show  this  star.  There  are  also 
ninet3^-three  photographs  covering  this  region  on  which  the  star  is  not  visilile, 
but  the  presence  of  faint  comparison  stars  shows  that  it  uuist  have  been  below 
its  maximum  brightness  when  these  photogra])hs  were  taken.  In  Table  V,  the 
year,  month,  and  day,  the  Julian  Day,  and  the  ])hotographic  magnitude,  are  given 
in  the  successive  columns.  Plates  taken  with  the  Anastigniat  lens  are  indicated 
by  placing  the  Julian  Day  in  Italics. 


CIRCULAR   NO.  69. 


TABLE  V. 

(IBSEKVED    MAGNITUPES. 


Y.  M.  D. 

J.  D. 

Mafrn. 

Y.  M.   D. 

J.  D. 

Mrtgn. 

Y.  >1.  D. 

.1.  D. 

Magii. 

Y.  M.   D. 

J.  D. 

Magn. 

90  7  18 

1567 

10.46 

•99  4  29 

4774 

12.34 

01  2  24 

5440 

<11.7 

02  2  10 

5791         9.12 

»   8  25 

1605 

11.80 

u      5  11 

4786 

<11.7 

44  44  27 

5443 

<11.7 

44   3  10 

5819        9.12 

91  7  9 

1923 

<10.8 

..  u  17 

4792 

<11.7 

44  44  28  '  5444 

11.72 

44  44  23 

5832         9.12 

92  2  17 

2146 

<10.4 

u     u    30 

4805 

10.86 

44   3  6  1 5450 

<11.8 

44  44  31 

5840   <  9.8 

»   3  4  2162 

<11.1 

u      6  13 

4819 

10.56 

44  44  17  5461 

<10.8 

44   4  3 

0843        9.93 

«   5  9 

2228 

8.52 

u   8  14 

4881 

9.49 

44  44  21  5465 

<11.7 

44  44  4. 

5843         9.83 

«   6  15 

2265 

9.59 

u     u  16 

4883 

9.49 

44   4  12  5487 

<11.8 

44  44   4 

5844        9.93 

»  u  22 

2272 

9.59 

..   a   18 

4885 

10.08 

44  44  13  a4**<10.2 

44  44  24 

5864       10.56 

«   7  6 

2286 '  10.56 

u   9  15 

4913 

<10.9 

44  44  26  5501   <11.7 

44   5  8 

5878       11.48 

»  »   8 

2288 

10.56 

00  1  31 

5051  \     11.72 

44   5  1  .5506  <11.8 

44  44  44 

557*  ;<11.7 

u     «  23 

2303 

11.32 

"26 

5057       10.46 

44  44   3  5.50.S'<10.8 

44  44  44 

55751  11.62 

»  11  19 

2422 

<10.4 

u   cc   18 

5069       10.56 

44  44  44  5508   11.62 

44  44  17 

5887   <11.3 

93  6  19 

2634 

<10.2 

u       a       u 

5069       10.1^6 

44  44   5  55iC»  <1 1.2 

44  44  29 

5899   12.34 

«  u    30 

2645 

<11.2 

u  u    27 

5078 

9.93 

44  44  21  1  55^6  '<  9.0 

44  44  30 

5900  l<11.8 

»   7  16 

2661 

11.72 

..   3  12 

5091 

9.25 

44   6  5: 5541         9.83 

44  44  31 

5901   <11.4 

«  «  23 

2668 

11.14 

a   u      16 

5095 

9.12 

44  44  11  \5547\       9.59 

.4   6  8,590S<11.9 

94  5  2 

2951 

9.12 

..   a   17 

5096 

9.02 

44  44  19  1 5555        9.44 

44  44  20  59:g/  <11.3 

»   6  13 

2993   10.08 

u  u  21 

5100 

9.15 

44  44  25  5561  j   9.49 

44  44  23  59^4  <11.7 

»  »  22 

3002  <10.1 

u      4  8 

5118 

9.60 

44  44  44  5561         9.44 

44  44  26 

5927 

<11.8 

95  9  1  i  343  S    9.49 

»  «   9 

5119 

9.59 

44  44  44  5561    9.12 

44  44  28 

5929 

<11.2 

.i  ..  13  3450    9.12 

u   u  13 

5123 

9.49 

44  44  27 

5563    9.12 

44   7  3 

5934 

<11.9 

u  «  19  .3456    9.12 

u  u  20 

5130 

9.93 

44  44  29 

5565 

9.49 

44  44  44 

59S4\<ll.l    1 

96  2  25  3615   11.42 

u  u       u 

5130 

9.83 

44   7  14 

5580 

9.49 

44  44   6 

5937 

13.02 

u   4  30  3680    9.12 

u   5  5 

5145 

10.96 

44  44  20  1  5586 

9.49 

44  44  10 

5941 

<11.8 

«   6  29  3740   11.42 

»   I.  11 

5151 

10.96 

44   8  2 

5599 

9.93 

44  44  28 

5959 

<11.1 

«   8  10  3782|<11.8 

»   6  4 

5175 

<  9.8 

44  44   4 

5601 

10.43 

44  44  30 

5961 

<10.1 

»   9  30  3833  <12.6 

»   u  10 

5181 

<10.8 

44  44   9 

5606        9.93 

44  44  31 

5962 

<10.8 

97  3  31  4015   12..34 

»  »  18 

5189 

<  9.9 

44  44  14 

5611         9.07 

44   8  2 

5964 

<11.7 

u      6  18  4094  <11.7 

u  »  21 

5192 

<11.2 

44   44  21 

5618  \<^   9.9 

44  44   4 

5966 

<10.3 

..  ..  25  4101   11.96 

u   7  4 

5W5 

<10.4 

44  44  28 

5625 

11.42 

44  44   9  5971 

<10.4 

..  >.  26  4102   11. H6 

u     u  18 

5219 

<  9.8 

44   9  4 

5632 

<  9.8 

44  44  16 

5978 

<11.3 

«   8  13  j  4150    9.93 

41    41    44 

5219 

<  9.8 

44    44     5 

5633 

<  9.8 

44  44  28 

5990 

<11.1 

»   9  24  '  4192 

10.08 

44     8    1 

5233 

<10.8 

44    44    44 

5633 

<  9.4 

44  44  29 

5991 

<  9.8 

98  4  8 

4388 

9.15 

44     44    21 

5253 

<11.7 

44    44     9 

5637 

<10.8 

.4  44  30 

5992 

<  9.4 

«   5  21 

4431 

10.54 

44     44    23 

5255 

<11.7 

44    4.   21 

5649 

<10.4 

4.   9  7 

6000 

<10.8 

«   6  21 

4462 

11.42 

44     9     1 

5264 

<11.8 

44    44   22 

5650 

<11.7 

44  44  10 

6003 

10.60 

«   7  6 

4477 

11.62 

44     44     44 

5264 

12.34 

44    44   27 

5655 

<10.8 

44  44  12 

6005 

10.46 

«  10  3 

4566 

11.58 

44     44      2 

5265 

12.17 

44  10  1  5659 

<11.2 

44  44  15  6008 

<  9.8 

«  «  «  4566 

<11.8 

44    44    44 

5265 

12.24 

44  44   5 

5663 

<11.2 

44  44  23  6016 

9.44 

99  2  24  4710 

<11.8 

44     44    19 

5282 

<  9.9 

44  44   7 

5665 

<11.7 

44  10  6  6029 

8.98 

«   3  5  4719 

<10.5 

01     1   29 

5414 

11.96 

44  44   8 

5666 

<11.4 

44  44   9  1  6032         8.98 

u     »  19  i  4755  <10.2 

44      2   10 

5426 

<ll.s 

44  44  28 

5686 

<11.8 

44  44  10  6033        9.02 

u  u  2014754  <11.8 

44     44    14 

5430 

11.78 

44  12  30 

5749 

10.96 

44  44  23  6046        9.12 

«   4  21  i  4766  j<11.7 

44     44    21 

5437 

<11.8 

44  44  31 

5750 

10.96 

44  12  31  \6115       11.85 

..  »  28  4773   <11.9 

1 

CIRCULAR   XO.    69. 

The  magnitudes  given  in  Table  V  depend  on  the  comparison  stars  contained 
in  Table  VI,  which  has  the  same  form  as  Table  III. 

From  the  observations  contained  in  Table  V',  the  times  of  maximum  given  in 
the  first  column  of  Table  VII  have  been  derived.  These  maxima  are  nearlv  rep- 
resented by  the  formula  2,410,106  +  238  E.  The  corresponding  values  of  E,  and 
the  computed  maxima  are  given  in   the   second  and  third  columns.      The  fourth 


TABLE   VI. 
COMPAKISOX   STARS 


TABLE    \U. 
TIMES    OF   MAXIMUM. 


Des. 

X 

Y 

Miitrn- 

Obs.  M. 

E 

Comp.  M. 

o—c 

Comp.  M. 

o—c 

a 

+  800 

+  20 

8.15 

1526 

6 

1534 

-   8 

1525 

+  1 

b 

+  1800 

- 1231 

8.80 

2246 

9 

1248 

-  2 

2248 

-  2 

c 

-2316 

-  647 

9.35 

2729 

11 

2724 

+  5 

2728 

+  1 

d 

-  466 

-  370 

9.73 

2962 

12 

2962 

0 

2967 

-  5 

e 

-  540 

+  1178 

10.03 

3457 

14 

3438 

+  19 

3445 

+  12 

f 

+  438 

+  171 

10.23 

3683 

15 

3676 

+  7 

3683 

0 

g 

-  393 

-  150 

10.78 

4173 

17 

4152 

+  21 

4158 

+  15 

h 

+  468 

-  655 

11.03 

4386 

18 

4390 

-  4 

4395 

-  9 

k 

+  838 

+  491 

11.15 

4858 

20 

4866 

-  8 

4868 

-10 

1 

-  507 

-  207 

11.60 

5104 

21 

5104 

0 

5104 

0 

m 

-  377 

+  127 

11.75 

5567 

23 

5580 

-13 

5574 

-  7 

n 

+  129 

-  484 

12.07 

5811 

24 

5818 

-  7 

5809 

+  2 

0 

+  533 

+  318 

12.52 

6046 

25 

6056 

-10 

6043 

+  3 

P 

-  59 

+   83 

12.82 

column  gives  the  residt  found  by  subtracting  the  values  in  the  third  column  from 
those  in  the  first.  The  predominance  of  negative  signs  for  the  early  and  late 
observations  indicates  the  existence  of  a  third  term.  The  last  two  columns  give 
the  values  of  the  computed  maxima,  and  residuals  derived  from  the  formula 
2,410,068  -I-  244  E  —0.2  E-.  The  values  of  the  epoch  are  the  same  in  both  cases. 
It  will  be  noticed  that  the  average  value  of  the  residuals  in  the  fourth  column 
is  ±8  days,  which  is  reduced  to  ±5  days  in  the  sixth  column.  The  next  maxima, 
according  to  the  first  formula,  will  occur  on  June  28,  1903,  and  February  21, 
1904;  according  to  the  second  formula,  on  June  11,  1903,  and  January  31,  1904. 


>nSSING  ASTEROIDS. 

Of  the  five  hundred  asteroids  so  far  discovered,  sixty-eight  have  not  been  seen 
during  the  last  five  years,  while  the  last  observation  of  twenty-five  of  them  was 
from  ten  to  thirty-five  years  ago.  E\adently,  there  is  great  danger  that  many  of 
them  will  be  lost,  and  then  it  will  be  impossible  to  decide  when  one  is  observ^ed 
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whether  it  i.s  new  or  not.  A  discovery  like  that  of  Eros  might  thus  remain 
unknown,  the  observer  supposing  that  the  object  was  an  asteroid  already  found. 
Finding  missing  asteroids  is  e^^dently  much  more  important  than  discovering  new 
ones,  since  the  fonner  diminishes,  the  hitter  increases,  the  burden  now  upon 
astronomers  of  computing  orbits  for  all.  A  list  was  accordingly  prepared  of  the 
asteroids  brighter  than  the  magnitude  ll.U,  and  which  have  not  been  seen  for 
five  years.  The  computed  time  of  opposition  of  (21)  Lutetia  was  Januaiy  13, 
1903,  magnitude  10.8.  This  asteroid  was  last  seen  in  1897.  The  opposition  of 
(22)  Kalliope  was  January  17,  1903,  magnitude  9.6,  last  seen  in  1896.  Photographs 
were  accoidingly  taken,  with  the  results  given  in  Table  .VIII.     The  number  and 


TABLE   VIII. 

MISSING   ASTEROIDS. 


Nairn-. 

Y. 

M. 

D. 

G.  M.  T. 

Ex. 

U.  A.  1S55. 

De.-. 

s... 

C— f) 

C— o 

(21)  Lutetia 

1903 

1 

21 

13     43 

20 

A.         m. 

7     25.2 

+  24 

40 

+  0.2 

-4 

u               a 

(1 

u 

u 

16       7 

22 

7     25.1 

+  24 

40 

+  0.2 

-4 

«                i. 

u 

» 

22 

13     20 

20 

7     24.1 

+  24 

41 

+  0.2 

-2 

(22)  Kalliope 

1903 

1 

21 

14     31 

20 

7     44.4 

+  37 

40 

+  2.4 

+  1 

" 

>i 

ii 

16     56 

22 

7     44.3 

+  37 

40 

+  2.4 

+  1 

" 

" 

22 

15     27 

20 

7     43.2 

+  37 

43 

+  2.6 

0 

name  of  the  asteroid,  the  date  of  the  plate,  the  Greenwich  Mean  Time,  the  length 
of  exposure,  and  the  approximate  right  ascension  and  declination  for  1855,  are 
given  in  the  first  six  columns.  The  epoch  1855  is  used,  since  the  positions  were 
determined  by  the  configuration  of  the  adjacent  Durchmusterung  stars.  A  greater 
degree  of  accuracy  was  not  needed  for  the  present  purjjose,  since  the  ephemeris 
gives  approximate  positions  only.  If  desired,  positions  of  the  degree  of  accuracy 
of  meridian  circle  measures,  coidd  be  obtained  from  these  photographs.  The  last 
two  columns  give  the  differences  found  by  subtracting  the  observed  positions  from 
those  given  by  the  ephemeris.     They  therefore  indicate  the  errors  of  the  latter. 

In  the  case  of  Kalliope,   the   error  is  large  enough   to  render  the  detection   of 
the  object  difficult,  except  by  photography. 


KDWARI)    C.    PICKKRING. 


J  A  MA  in    20,   1903. 


■  /p^'s'- 


Harvard  College  Observatory. 
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NOVA   GEMINORUM   BEFORE  ITS   DISCOVERY. 

On  March  27,  1903,  a  cable  message  was  i-eceived  from  Professor  Kreutz,  of  Kiel, 
stating  that  an  object  which  was  proba1)ly  a  new  star,  Init  was  possibly  a  variable, 
had  been  discovered  by  Professor  Turner.  Also,  that  on  March  16  it  was  of  the 
m.agnitude  8.0.  while  on  February  16,  it  had  not  been  seen  (j^resumably  on  a 
photograph).  Its  apparent  place  was  R.A.  6''  37™  48',  Dec.  +  30°  3'.  The  grant  from 
the  Carnegie  Institution  permitted  an  examination  to  be  made  of  the  early  photo- 
graphs of  the  Henry  Draper  Memorial,  and  fiu'nished  the  history  of  this  object 
from  its  first  appearance  to  the  present  time.  An  excellent  photograph  of  the 
region,  taken  1903,  March  T' 15"  3'",  G.M.T.,  showed  stars  of  the  magnitude  11.9, 
but  no  trace  of  the  Nova  was  visible.  A  similar  result  was  found  from  sixty-seven 
plates,  the  first  taken  March  3,  1890,  the  last  on  February  28,  1903,  although  nearly 
all  of  these  plates  showed  stars  fainter  than  the  twelfth  magnitude.  One  or  more  of 
these  photographs  were  taken  on  each  intermediate  year.  It  did  not  therefore  seem 
necessary  to  examine  the  other  early  plates  of  this  region,  a  hundred  or  more  in 
number.  A  plate,  taken  1903,  March  2''  13''  19'",  showed  stars  of  the  ninth  magni- 
tude, but  no  trace  of  the  Nova.  The  evenings  of  March  3,  4,  and  5,  were  cloudy, 
but  on  a  plate,  taken  March  6'*  14''  28'",  an  object  of  the  magnitude  5.08  appears  in 
the  given  place.  Plates  taken  on  several  later  nights  showed  that  the  magnitude  was 
gradually  diminishing,  as  appears  in  Table  I,  whicli  gives  in  successive  cohunns,  the 
date,  the  Greenwich  Mean  Time,  the  photographic  magnitude  of  the  Nova,  and  the 
initial  of  the  observer.     F,  denotes  Mrs.  Fleming,  and  L,  Miss  Leiand. 

The  photograph  of  March  6  has  especial  value  since,  so  far  as  is  known,  it  con- 
tains the  first  photograph  of  the  Nova.  The  image  is  on  the  very  edge  of  the 
plate,  and  accordingly  was  compared  with  fifteen  other  stars  at  about  the  same  dis- 
tance from  the  centre  of  the  plate.  The  Nova  was  compared  twice  with  each  star 
by  each  observer.  The  value  of  the  grade  Avas  much  larger  than  usual,  and  equalled 
0.21  and  0.33  for  the  two  observers.  The  mean  result  for  all  was  magnitude  5.08, 
with  an  average  deviation,  for  the  separate  stars,  of  ±  0.26.     The  magnitude  on  eacli 
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TABLE    I. 

riKITOGRAPHIC    MAGNITUDF^ 


Date. 

G.  M.  T. 

MagD. 

Obs. 

Date. 

G.  M.  T. 

Magn. 

Obs. 

1903 

March     1 

A          m 
15          3 

<11.4 

L 

1903     March  14 

h         m 

14     14 

7.42 

F 

o 

14     31 

<  9.5 

F 

«            »        « 

»       « 

7.34 

L 

6 

14     28 

4.97 

F 

»                        U                li 

16     20 

7.32 

F 

«         « 

«          u 

5.20 

L 

u                 u           u 

u           » 

7.34 

L 

u            11 

15     18 

6.76 

F 

«       15 

13     44 

7.27 

F 

12 

14     25 

7.06 

F 

U                    (>             u 

14     53 

7.57 

F 

((        11 

15     25 

7.16 

F 

a                 u           u 

u         u 

7.46 

L 

«       13 

14     52 

7.12 

F 

u          25 

13     26 

7.94 

L 

u 

14     52 

7.17 

F 

"                 "           " 

18     39 

S.dS 

F 

of  the  other  dates  given  in  the  table  was  found  by  comparison  with  six  stars  whose 
brightness  was  nearly  equal  to  that  of  the  Nova.  These  magnitudes  were  derived 
assuming  that  the  photometric  and  photographic  magnitudes  were  nearly  the  same 
for  stars  w^iose  spectra  were  of  the  first  tA'pe. 

The  evening  of  March  27  was  cloudy  and  also  the  early  part  of  March  28.  One 
plate,  however,  taken  on  the  latter  date  gave  the  magnitude,  8.34.  Several  photo- 
graphs were  taken  on  March  29,  31,  and  April  1,  and  gave  the  mean  magnitudes, 
8.24,  8.24,  and  8.25.  These  magnitudes  are  based  upon  the  results  given  in 
Table  II  which  contams  the  designations,  Durchmusterung  numbers,  rectangular 
coordinates  expressed  in  seconds  of  arc  with  the  Nova  as  an  origin,  and  provisional 
photographic  magnitudes  of  a  sequence  of  compaiison  stars.  It  is  probable  that 
the  fainter  stars  are  really  fainter  than  these  magnitudes  indicate,  but  tlie  latter 
will  sei've  to  determine  the  relative  changes  in  the  Nova  as  it  grows  fainter,  and  thus 
render  the  results  of  different  observers  comparable.  All  the  magnitudes  can  later 
be  reduced  to  an  absolute  scale.  They  also  serve  to  compare  the  faintest  stars 
shown  on  early  plates.  Thus,  the  photograph  taken  March  1,  1903,  shows  star  t, 
and  also  stars  at  least  a  tenth  of  a  magnitude  fainter.  Star  U  does  not  appear. 
Hence  this  plate  shows  stars  of  the  magnitude  11.9  and  brighter. 

The  last  plate  in  Table  I  is  of  interest  since  it  was  taken  with  an  objective  prism, 
and  accordingly  shows  the  spectra  of  the  Nova  and  of  the  adjacent  stars.  Six  bright 
lines  are  shown  in  the  spectrum  of  the  Nova,  whose  designations,  assumed  wave- 
lengths, and  intensities,  calling  the  intensity  of  the  line  Hy,  10,  are  as  follows :  — 
H^,  3889,  i;   He,  3970,  S;   HS,  4102,  8;   Hy,  4341,  10;  —  ,  4643,  11;   Hy8,  4862,  9. 
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TABLE    H. 

(■(lAIPAHISOX    STAliS. 


^"5-' 


Dos. 

DM.  " 

X 

y 

Magn. 

Dps. 

DM. 

X 

y 

Miign. 

a 

+  30°  1318 

+  716 

+  3187 

7.28 

P 

+ 

4 

+ 

368 

11.19 

b 

+  30°  1300 

7.76 

q   1   .  . 

+ 

308 

- 

132 

11.41 

c 

+  30°  1314 

+  274 

+  1949 

7.98 

1 
r 

- 

404 

- 

278 

11.63 

d 

+  30°  1320 

+ 1021 

+  878 

8.50 

8   1    .  . 

+ 

359 

+ 

345 

11.73 

e 

+  '29°  1342 

+  1843 

-  347 

8.82 

t       ..     .. 

- 

224 

+ 

176 

11.78 

f 

+  30°  1316 

+  643 

+  552 

9.14 

U   ' 

+ 

467 

+ 

145 

12.08 

g 

+  30°  1306 

-1006 

+  142 

9.36 

W   1 

- 

254 

+ 

242 

12.23 

h 

+  504 

+  289 

9.71 

X 

268 

+ 

92 

12.45 

+  "504 

+  297 

y 

+ 

270 

+ 

16 

12.70 

k 

+  30°  1302 

-1923 

+  231 

9.93 

z 

+ 

186 

- 

64 

12.95 

1 

+  30°  1309 

-  456 

+  53 

10.13 

a 

+ 

31 

+ 

97 

13.05 

m 

+  30°  1317 

+  638 

-  327 

10.41 

/8 

- 

24 

- 

76 

13.35 

n 

-  311 

-  47 

10.66 

7 

+ 

31 

- 

8 

13..53 

0 

+  544 

+  197 

11.01 

From  this  it  appears  that  the  spectrum  resembles  that  of  Nova  Sagittixrii  on  April 
19,  1898.  No  dark  lines  are  visible,  but  this  is  perhaps  owing  to  the  small 
dispersion. 

The  same  Hnes,  and  having  nearly  the  same  intensities,  appeared  on  similar 
photographs  taken  on  March  29,  31,  and  April  1.  They  also  showed  the  additional 
nebula  line,  5003,  which  has  the  intensity  2  or  o,  and  is  certainly  brighter  than  H{. 
This  line  does  not  appear  on  the  plate  taken  March  25,  and  indicates  the  tii-st 
step  in  the  change  into  a  gaseous  nebula.  Three  additional  l^right  lines  were 
detected  in  the  later  photographs,  whose  estimated  wavelengths  are  al:)0ut  4176, 
4240,  and  4462. 

In  the  other  new  stars  the  appearance  of  line  5003  was  followed  by  the  diminu- 
tion in  intensity  of  the  line  H/3,  and  the  appearance  and  rapid  increase  in  the 
nebula  line,  near  H{,  which  iinally  became  the  strongest  line  in  the  spectrum. 

A  most  important  question  in  connection  with  the  appearance  of  new  stars  is, 
whether  such  objects  can  come  and  go  without  detection  by  astronomers.  Since 
the  Henr}-  Draper  Memorial  was  established,  nine  new  stars  have  been  discovered. 
Six  of  them.  Nova  Persei  No.  1,  Nova  Normae,  Nova  Carinae  No.  2,  Nova  Centauri, 
Nova  Sagittarii,  and  Nova  Aquilae,  were  found  in  the  regular  examination  of  the 
Draper   Memorial    ])hotographs,    and    probably    all   of    them   would    otherwise    have 
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escaped  detection.  Two,  Nova  Aurigae  and  Nova  Persei  No.  2,  were  bright,  and 
were  found  visually  by  Dr.  Anderson.  The  fust  of  these  might  have  escaped 
detection  here,  although  numerous  early  charts  were  obtained  which  showed  that  it 
was  visible  to  the  naked  eye  during  seven  weeks  before  its  discovery.  The  spectrum 
of  Turner's  Nova  is  so  conspicuous  on  the  plate  taken  on  March  25,  that  when  this 
plate  was  developed  and  examined  it  would  douljtless  have  been  found  on  it  here, 
but  for  the  prompt  discovery  and  announcement  by  Professor  Turner. 

EDWARD    C.   PICKERING. 


.<^n 


Harvard  College  Observatory. 
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A   PHOTOGRAPHIC   MAP   OF   THE   ENTIRE   SKY. 

The  collection  of  photographs  at  the  Harvard  College  Observator}-  contains,  in 
addition  to  the  plates  taken  with  the  larger  instruments,  numerous  photographs 
taken  mth  two  small  anastigmatic  lenses,  each  having  an  aperture  of  one  inch, 
and  a  focal  length  of  about  thirteen  inches.  A  region  of  more  than  thirtv  degrees 
square  is  covered  by  a  single  eight  b}^  ten  inch  plate.  With  exposures  of  one 
hour,  stars  as  faint  as  the  twelfth  magnitude  are,  in  some  cases,  obtained.  Owing 
to  the  scale  of  the  plates,  identification  of  the  individual  stars  would  Ijeconie 
difficult  if,  by  using  longer  exposures,  the  number  of  stars  were  increased.  One 
of  these  lenses  is  mounted  at  Cambridge,  and  is  used  principally  for  the  northern 
stars.  The  other  is  similarly  used  for  the  southern  stars  at  Arequipa.  At  each 
station  two  sets  of  photographs  have  been  taken,  the  first  haxdng  centres  in 
declinations  0°,  30°,  60°,  and  90°,  and  the  second  in  declinations  15°,  45°,  and  75°, 
the  centres  of  the  second  set  coinciding  as  nearly  as  possible  with  the  corners  of 
the  first.  An  attempt  is  made  to  cover  all  parts  of  the  sky,  not  too  near  the  Sun, 
at  least  twice  each  moath.  once  with  each  set.  These  photographs  have  proved 
miexpectedly  useful  here  for  determining  the  past  as  well  as  the  present  changes 
in  light  of  variable  stars,  new  stars,  and  .similar  objects.  See  Circular  No.  69, 
and  elsewhere.  Of  course,  the  small  scale  diminishes  their  value  for  measuring 
positions,  although  the  minuteness  of  the  images  in  part  compensates  for  this 
difficulty. 

The  amount  of  useful  material  contained  in  these  plates  is  so  great  that  we 
are  able  to  extract  but  a  small  portion  of  it,  although  an  appropriation  from  the 
Carnegie  Institution  has,  this  year,  permitted  a  great  increase  to  be  made.  Various 
plans  have  been  considered  for  placing  copies  of  the  photographs  thus  collected 
within  the  reach  of  astronomers.  It  was  at  first  proposed  to  print  a  .series  of 
engravings  on  the  same  scale  as  the  charts  of  the  Durchmusterung.  Numerous 
difficulties  presented  themselves,  especially  if  an  attempt  was  made  to  engra\e  the 
pai'allels  and  meridians  upon  the  charts.  The  defects  introduced  by  paper  and  ink 
are  very  troublesome,  and  are  likely  to  differ  in  different  copies.     The  variation  in 
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intensity  of  images  which  can  be  represented  on  paper  is  small  compared  with 
that  on  glass,  and  finally,  the  expense  would  be  large.  The  *  advantages  of  glass 
neo"atives  are  very  great,  especially  to  one  accustomed  to  use  them.  They  can 
be  reproduced  bv  contact  printing  so  as  to  give  results  but  slightly  inferior  to 
the  oriirinal.  A  single  contact  print,  forming  a  positive,  with  bright  stars  on  a 
dark  background,  although  more  nearly  resembling  the  sky  itself,  does  not  prove 
convenient  in  actual  use.  It  cannot  be  superposed  upon  another  positive,  nor 
iipon  a  paper  map.  A  double  contact  print,  however,  fui'nishes  a  negative  Avhich 
is  for  some  purposes  nearly  as  useful  as  the  original.  Measurements  of  position 
or  intensitv  of  the  images  can  be  made,  the  cost  is  not  large,  and  is  nearly  pro- 
portional to  the  nimiber  of  copies  furnished.  A  set  of  fifty-five  of  these  prints  on 
o-lass,  covering  the  sky  from  the  north  to  the  south  pole,  has  accordingly  been 
prepared,  and  is  described  in  Table  I.  A  current  number  for  designating  the 
plate,  and  the  approximate  right  ascension  and  declination  of  the  centre,  are  given 
in  the  first  three  columns.  The  designation  of  the  original  negative  is  given  in 
the  fourth  column.  It  consists  of  the  letters  indicating  the  sei'ies,  and  tlie  number 
of  the  plate  in  that  series.  The  plates  taken  with  the  anastigmatic  lens  at 
Cambridge  are  indicated  by  the  letters  AC,  those  at  Arequipa  by  AM.  The  date, 
the  Greenwich  Mean  Time,  and  the  length  of  exposure,  expressed  in  minutes,  are 
given  in  the  next  three  columns.  Remai'ks  on  some  of  the  plates  follow  the 
table.  The  position  of  any  particular  object  is  indicated  by  two  numbers  placed 
in  brackets.  The  first  gives  the  distance  of  the  object,  in  millimetres,  from  the 
left  hand  edge  of  the  exposed  portion  of  the  plate.  The  second  number  gives 
the  cori'esponding  distance  from  the  lower  edge  of  the  exposed  portion. 

In  the  use  of  these  plates  certain  suggestions  may  be  made,  especially  for  the 
benefit  of  those  unaccustomed  to  astronomical  photographs.  To  compare  them  with 
the  sky,  they  should  be  examined  with  the  glass  side  toward  the  eye.  Objects  of 
interest  may  then  be  convenienth'  marked  on  this  side  of  the  plate  with  a  pen. 
The  label  is  on  the  southern  end  of  each  plate,  except  in  the  cases  of  Nos.  1  and 
54,  which  contain  the  north  and  south  poles,  respectively.  Conspicuous  configura- 
tions, like  those  of  Orion,  Ursa  Major,  and  Scorpius,  are  easily  recognized  by 
inspection,  aided  when  necessary  by  a  small  atlas.  For  the  faint  stars,  a  compari- 
son may  be  made  wth  the  charts  of  the  Durchmusterung,  which  are  on  nearly 
four  times  the  scale.  The  plates  may  be  examined  with  a  reading  glass  or  a  two- 
inch  positive  eyepiece.  The  latter  will,  in  almost  all  cases,  serve  to  distinguish 
defects  from  actual  star  images.  It  vdW  be  noticed  that  images  of  bright  stars 
are  surrounded  by  sixteen  rays,  due  to  the  iris  diaphragm  of  the  lens. 
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TABLE    I. 

CATALOGUE    OF    PLATES. 


,^^ 


No. 

R.  A. 

Dci-. 

N<-gative.       D:ite. 

U.  M.  T. 

Ex. 

No. 

K.  A. 

Doc. 

Xepitivc-. 

Date. 

G.  JNl.  T. 

Ex. 

1 

A.  m. 
0  00 

+  90 

AC  2161 

y.        m. 

02,  Jan. 

d. 
4 

/,.  m. 

22  43 

39 

29 

/I.     m. 

14  00 

0 

AC  2547 

y.        m.       d. 

02,  May  13 

h.       VI. 

16  35 

73 

2 

0  00 

+  60 

AC  1943 

01,  Nov. 

2 

17  51 

63 

30 

16  00 

u 

AM  1420 

.<  July   3 

13  15 

60 

8 
4 
5 

3  00 
6  00 
9  00 

AC  3625 

03,  May 

13 

31 
32 
33 

18  00 
20  00 
22  00 

(( 
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REMARKS. 


1.  The  position  of  the  NorthPole  is  [Do,  104].  [il7,  111], 
the  Pole  Star.  The  circular  form  and  alx^sence  of  dif- 
fraction rays  show  that  [110,  IIS]  is  a  defect. 

2.  See  No.  10. 

3.  Owing  to  a  change  in  the  scheme  of  work,  photographs 
have  not  been  obtained  in  the  position  of  this  and  of  the 
following  region.  These  omissions  will  be  supplied  in 
a  few  weeks,  or  as  soon  as  their  positions  permit  photo- 
graphs to  be  obtained. 

4.  See  No.  3. 

fi.    [2;"),  89],  f  Ursae  Majoris:   also  on  No.  7,  [172,  85]. 
7.    See  No.  (i. 


10.    [48,  100],  Nebula  in  Andromeda;  also  on  No.  2,  [47,11] . 

12.  [117,  6'J],  Pleiades,  showing  also  the  nebulosity  sur- 
rounding them.  Star  1  and  perhaps  m  of  the  sequence 
given  in  Harvard  Annals,  XVIII,  p.  153,  appears  on 
this  plate.  [131,  185],  Nova  Persei,  No.  2.  Nos.  54, 
58,  and  64,  of  Hagen's  Catalogue  are  reiuHly  seen. 

13.  [80,  58],  Neptune.  [39,  107],  Nova  Geminorum.  Stars 
t  and  w  of  Circular  No.  70  (Hagen  73  and  77)  appear 
on  this  plate.  Numerous  clusters  are  also  shown  where 
it  is  crossed  by  the  Milky  Way.  [82,  71],  the  cluster 
N.G,  C,  2129. 

14.  [40,  48],  Praesepe. 
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[115,  92].  the  cluster  Messier  3.  X.  G.  C.  5272. 

[51.   125J,   Messier   13,   X.  G.  C.  6205,    the   cluster   in 

Hercules. 

[46,  163],  the  double  stars  e  and  5,  Lyrae :  also  on  Plate 

20,  [180,  169].     [31,  124],  Messier  57,  N.  G.  C.  6720. 

The  King  Nebula  in  Lyra;  also  on  Plate  20,  [175,  127]. 

See  No.  19. 

[134,  80],  N.  G.  C.  1976.  the  great  Nebula   in   (.>rion. 

[126,91],  fOrionis,  showing  the  faint  nebulosity, N.G.C. 

2024,  north  following  it.      [106,  105],  o  Orionis,.     The 

red  color  of  this  star  is  well  shown  by  its  faintness  on  the 

photograph.     [40,  161],  the  cluster  Messier  14,  X.  G.  C. 

2287.      [31,  3],   Sirius.      The   circle  around  this,   and 

other  very  bright  stars,  is  due  to  light  reflected  from  the 

back  of  the  plate. 

[167,  116],  the  cluster  Messier  5,  X.  G.  C.  5904. 

[74,  83],  Pallas. 

The  fogging  on  the  northern  edge  is  due  to  tlie  Muon. 

[68,  119],  aScorpii.     The  red  color  of  this  star  is  well 

shown  by  its  faintness  on  the  photograph. 

[166,  141],  I'ranus.     [126,  Si)],  the  cluster  Messier  7, 

N.G.C.  6475.     [109,  75],  the  cluster  Messier  6,  X.G.C. 

6405.     [99,  144],  the  Trifid  Xebula,  X.  G.  C.  6514.     See 

Annals  XXVI,  p.  204,  and  Plate  III.      [96. 136],  X.  G.  C. 

6523. 

[127,  136],  Vesta.     [113,  149],  Saturn. 

[169,  169],  Jupiter.     Satellite  III  is  seen  about  half  a 

millimetre  to  the  left  of  it. 

[87,25],  tlie  cluster 47  Tueanae,  X.G.C.  104.     [76,  17], 

the  Small  Magellanic  Cloud.     See  Annals,  XXVI,  p.  205, 

and   Plate  IV.     [24,  102],   Achernar,  a  Eridani.     Xext 

to  Sirius,  this  is  the  brightest  star  in  the  sky;  also  on 

No.  47,  [167,  102], 

[115,  40],  the  Large  Magellanic  Cloud.     See  Annals, 

XXVI.    p.   206,   and   Plate   IV.      [77,   137].   Canopus. 


aCarinao.       [13,   73],  the   cluster  X.G.  f.  251(i:    also 
on  Xo.  49,  [145,  86]. 

49.  Several  fine  clusters  appear  on  tliis  plate,  whicli  are 
better  shown  on  Plate  50. 

50.  [182,  49],  the  cluster  N.G.C.  3114;  also  on  Plate  49, 
[56,  94].  [153,  64],  ij  Carinae  or  i;  Argus;  also  on 
I'late  49,  [24,  88] .  This  is  one  of  the  most  remarkable 
regions  in  the  sky.  See  Annals  XXVI,  p.  206,  and 
Plates  V  and  VII.  [138,  74],  N.  G.  C.  3523  ;  also 
on  Plate  49,  [6,  86].  [113,  61],  X.  G.  C.  3766.  The 
Southern  Cross  is  well  shown  on  this  plate.  See  also 
Annals,  XXVI.  p.  203,  and  Plate  II.  [85,  79],  aCrucis. 
[79,  52],  aCrucis.  [72.  88],  7  Crucis.  [62,  71], 
/3  Crucis.  The  faintness  of  7  Crucis  is  due  to  its  red 
color.  This  renders  tlie  Cross  less  conspicuous  on 
the  photograph  than  to  the  eye.  [58,  66],  the  cluster 
K  Crucis,  X.G.  C.  4755.  [7.  50], /SCentauri.  [6,134], 
the  cluster  uCentauri,  X.  G.  C.  5139,  the  finest  globular 
cluster  in  the  sky. 

51.  [144,  90],  /SCentauri;  also  on  No.  55,  [99,  193].  [118, 
91].  aCeutauri;  also  on  Xo.  55,  [72,  188].  So  far  as 
known,  this  is  the  nearest  star  in  the  sky.  [42,  124], 
the  cluster  X.  G.  C.  G067. 

54.  As  the  latitude  of  the  Arequipa  station  is  —16°  22',  a 
good  photograph  could  not  be  obtained  if  the  declination 
of  the  centre  of  the  plate  was  at  —90°.  Accordingly, 
this  plate  has  been  taken  in  H.  A.  0*  0"',  Dec.  — 83°.6. 
Plate  55,  taken  from  the  other  set  of  photographs,  has 
been  added,  to  cover  the  region  which  would  othemise 
be  omitted.  The  position  of  the  South  Pole  is  [92,  61]  ; 
also  on  Xo.  55,  [96,  15] .  [96,  64],  o-Octantis;  also  on 
Xo.  55.  [91,  14].  [84,  166],  47  Tueanae.  [73,  157], 
the  Small  Magellanic  Cloud. 

55.  See  Xos.  51  and  54. 


The  cost  of  tlie.se  plate.-*  will  prevent  the  wide,  gratuitou.-;  distrilnition  of  them, 
that  is  made  of  the  Annals.  In  any  case,  this  would  not  be  advisable,  .since  many 
would  thus  be  placed  where  little  or  no  use  would  be  made  of  them.  Copies  of 
this  set  of  photographs,  consisting  of  fifty-five  glass  negatives,  each  eight  by  ten 
inches,  will  be  supplied  for  $15.00.  Selected  sets  of  ten  plates,  $3.00.  This  is 
less  than  the  actual  cost,  the  balance  being  paid  from  the  Advancement  of  Astro- 
nomical Science  Fund  of  the  Harvard  Observatory.  The  privilege  of  increasing 
the  price  later  is  reserved.  If  the  demand  justifies  it,  copies  of  the  second  set 
of  plates,  whose  centres  are  near  the  corners  of  these,  will  l)e  issued  later. 

KDWAKl)    C.    PICKERING. 


May   19.   1903. 
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INTENSITY   OF   SPECTRAL   LINES. 

For  many  years  it  has  seemed  to  me  that  the  determination  of  the  intensity  of 
the  lines  in  the  spectrmn  would  be  an  investigation  of  great  value.  When  Professor 
Rowland  was  planning  his  standard  catalogue  of  lines  in  the  solar  spectrum,  he 
consulted  me  regarding  the  advisability  of  giving  their  intensities  as  well  as  their 
positions.  My  reply  was  that  the  intensities  were  as  important  as  in  the  case  of 
stars,  and  that  a  whole  science  like  that  of  stellar  photometry  and  stellar  variability 
might  thus  be  developed. 

The  problem  of  determining  the  absolute  intensity  of  spectral  lines  is  one  of 
great  difficult}-,  but  finding  their  relative  intensities  appears  to  be  comparatively 
easy.  In  the  case  of  bright  lines,  the  relative  intensities  of  adjacent  lines  may  be 
found  by  the  bolometer  or  similar  instrument,  or  by  a  comparison  of  photographs, 
as  described  below.  The  comparison  of  dark  lines  on  a  light  background,  although 
apparently  more  difficult,  has  one  great  advantage,  the  background  furnishes  a 
convenient  standard  unit.  We  may  call  the  intensity  of  a  dark  line  imity  if  the 
light  cut  off  from  the  background  is  equal  to  that  of  one  ten-millionth  of  a  milli- 
metre, or  one  Angstrom  unit.  This  definition  serves  to  compare  lines  which  are 
broad  or  narrow,  hazy  or  well  defined.  Two  methods  may  be  employed  for  the 
comparison.  First,  the  selection  of  a  sequence  of  standard  lines  whose  intensity 
may  be  determined  once  for  all,  and  the  comparison  of  all  others  with  them. 
Secondly,  the  construction  of  a  standard  scale  with  which  each  line  may  be  compared 
directly.  The  second  method  has  been  employed  here,  since  it  j^i'omises  to  give 
approximate  absolute  values.  The  construction  of  the  scale  was  entrusted  to 
Mr.  Edward  S.  King.  A  drawing  was  first  made  of  a  series  of  lines  whose  widths 
were  proportional  to  1,  2,  3,  4,  etc.,  forming  an  arithmetical  progression,  and  a 
reduced  photograph  was  made  of  it.  In  this  scale,  the  interval  between  1  and  2 
appeared  much  larger  and  was  more  easily  subdivided  than  the  higher  intervals, 
some  of  which  showed  scarcely  any  difference.  As  in  almost  all  physiological 
sensations,  equal  differences  correspond  to  geometi'ical,  rather  than  to  arithmetical. 
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dili'ereuces.  A  .second  scale  was  accordingly  constructed,  each  line  being  about  1.26 
as  wide  as  that  next  it,  so  that  the  logarithms  of  their  widths  would  differ  by  0.1. 
Tliis  scale  was  then  i-educed  rather  more  than  twenty  times.  Prints  were  made 
from  it,  but  were  found  to  give  images  much  more  sharply  defined  than  the  lines 
in  actual  spectra.  This  was  remedied  by  inserting  one  or  more  ])ieces  of  paper 
between  the  negative  and  sensitive  paper  in  making  the  prints,  and  lines  were  thus 
obtained  having  any  desired  degree  of  haziness.  The  lines  in  Rowland's  maps  of 
tlie  Solar  Spectrum  were  found  to  be  too  hazy,  and  to  differ  too  much  in  different 
portions  of  the  same  map,  for  satisfactory  comparison.  This  difficulty  was  remedied 
by  using  the  maps  of  Higgs.  The  Frauenhofer  line  E  was  selected,  partly  because 
it  contained  numerous  lines  of  varying  intensity  well  adapted  to  measurement,  and 
partly  because  it  was  made  the  subject  of  special  study  by  the  writer  in  1875 
(Proc.  Amer.  Acad.  XI.  p.  273). 

The  line  E  appears  on  five  of  Higgs"  Charts,  Nos.  2,  3,  75,  76,  and  79.  The  first 
two  are  taken  from  spectra  of  the  second  order,  and  on  them  one  Angstrom  unit 
equals  O.l-i  cm.  In  the  otlier  three,  taken  from  spectra  of  the  third  order,  one 
unit  equals  0.21  cm.  We  might  expect  that  the  linear  width  of  the  lines  would 
be  in  the  same  proportion,  but  this  is  not  the  case.  Owing  to  photographic  irradia- 
tion, or  other  causes,  the  measured  intensitj-  of  the  lines  is  nearly  the  same  in  all. 
Although  this  shows  that  large  errors  may  occur  in  the  absolute  intensity  of  the 
lines,  it  will  not  affect  the  relative  intensity.  A  curve  has  been  constructed  for 
converting  the  scale  measures  into  linear  dimensions,  assuming  that  the  mean  of  the 
results  derived  from  the  two  dispersions  is  the  true  value. 

The  results  of  these  measures  are  given  in  Tal)le  I.  The  wave  length,  according 
to  Higgs,  is  given  in  the  first  column.  This  does  not  appear  to  differ  by  a  tenth 
of  a  unit  on  his  diffei'ent  maps.  The  original  measures  on  the  five  maps  are  given 
in  the  second  column.  Italics  denote  that  when  making  the  original  measure  the 
line  was  overlooked,  but  was  found  on  reexamination,  when  its  existence  on  the 
other  maps  was  known.  The  mean  of  the  readings,  and  residuals  from  the  mean 
are  given  in  the  third  and  fourth  columns.  The  fifth  column  gives  the  concluded 
e([uivalent  width  of  the  line,  in  Angstrom  units,  found  graphically  as  described 
above.  The  sixth  column  gives  the  results  of  the  comparison  made  in  1875, 
mentioned  above.  The  dots  indicate  lines  given  by  Kirchhoff,  Angstrom,  Sharpless, 
Amory,  Pickering,  and  Young,  respectively. 

A  few  additional  lines  were  seen  by  some  of  the  six  observers  mentioned  above, 
so  that  the  total  numbers  given  by  them,  including  those  that  are  doubtful,  are 
12,  11,  32,  22,  30,  and  37,  respectively.     The  corresponding  widths  of  the  faintest 
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lines  given  are  .OG-4,  .080,  .012,  .022,  .014,  and  .OOU.  Tlie  36  lines  in  Table  I 
correspond  to  a  \ddth  of  .009.  Rowland's  first  map  of  the  Solar  Spectrum  shows 
about  30  lines,  the  second  edition  33  lines.  The  corresponding  widths  are  .013 
and  .011. 
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INTEXSITY    OF    SPECTIiAL    LINES, 
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12  10  1 

■  .022 

2.4 

8.6 

8.9 

8.6 

8.7 

8.6 

8.68 

12  10  1 

.014 

2.5 

8.8 

8.6 

8.5 

8.63 

.2.01 

.012 

8.3 

9.4 

9.5 

9.4 

9.6 

9.5 

9.48 

10  110 

.100 

3.5 

9.4 

9.5 

9.4 

9.6 

9.5 

9.48 

10  1  10 

.100 

4.4 

8.5 

8.6 

8.6 

8.5 

8.6 

8.56 

10010 

.010 

4.7 

8.6 

8.7 

8.7 

8.7 

8.5 

8.68 

10000 

.014 

5.1 

9.0 

9.2 

9.2 

9.0 

9.0 

9.08 

11111 

.042 

5.3 

8.7 

8.8 

8.8 

8.8 

8.7 

8.76 

1000  1 

.017 

5.4 

9.0 

9.2 

9.2 

9.1 

9.0 

9.10 

1110  1 

.045 

5.9 

9.1 

9.3 

9.3 

9.1 

9.1 

9.18 

11111 

.049 

6.2 

9.5 

9.6 

9.6 

9.6 

9.6 

9.58 

iOOOO 

.123 
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In  all  these  cases  only  lines  clearly  .seen  are  included.  It  is  surprising  how  slight 
has  been  the  gain  during  the  last  quarter  of  a  century  when  we  consider  that  it 
includes  the  invention  of  the  concave  grating.  Nearly  as  faint  lines  were  shown  with 
a  iirism  spectroscope  in  1875,  as  can  now  be  clearly  seen  in  the  best  maps  of  the 
spectrum.  Fainter  lines  are  shown  in  the  original  negatives.  Thus,  Rowland's 
Catalogue  of  Wave  Lengths  contains  69  lines  in  this  region.  The  average  of  the 
residuals  in  the  fourth  column  is  ±.06. 

EDAVARD   C.   PICKERING. 
.Iii.v  29,  19fi;i. 
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OPPOSITION   OF   EROS   (433)   IN   1905. 

Approximate  positions  for  the  planet  Eros  during  its  opposition  in  1903  were 
published  in  Cii'cular  No.  61.  Mr.  F.  E.  Seagrave  has  kindly  computed  the  positions 
given  in  Table  I,  for  intervals  of  forty  days  during  the  years  1904  and  1905. 
The  elements  used  are  those  pubUshed  in  the  Berlin  Jahrbuch  for  1905,  page  428. 
The  Julian  Da}-,  omitting  the  three  left  hand  figures  241,  the  year,  omitting  the 
two  left  hand  figures  19,  the  number  of  the  month,  and  the  day  of  the  month 
are  given  in  the  first  and  second  columns.  The  approximate  right  ascension 
and  declination  for  1900,  and  the  logai'ithms  of  the  distance  of  the  Sun  and  of 
the  Earth  are  mven  in  the  four  remaininff  columns. 


TABLE   I. 

COMPUTED   POSITIOXS. 


J.  D. 

Date. 
1904. 

R.  A. 

1900. 

Dec. 
1900. 

log  r. 

log  A. 

J.  D. 

Date. 
1«U.'>. 

R.  A. 

1900. 

Dec 
1900. 

log  r. 

log  A. 

.  m.     d.       h. 

m. 

o    / 

y.      m.     d. 

A. 

m. 

o    / 

6481  0 

4  1  1 

21 

8.4 

-12  8 

0.2292 

0.3784 

6881 

05  2  4 

17 

56.3 

-30  41 

0.1928 

0.3136 

6521 

.   2  10 

22 

40.5 

-  2  41 

0.2057 

0.3968 

6921 

«   3  16 

19 

41.3 

-28  20 

0.2200 

0.2651 

6561 

c   3  21 

0 

18.5 

+  8  39 

0.1737 

0.3923 

6961 

u     4  25 

21 

0.7 

-23  7 

0.2387 

0.1809 

6601 

.   4  30 

2 

11.8 

+  19  53 

0.1346 

0.3727 

7001 

«   6  4 

21 

45.5 

-17  37 

0.2489 

0.0559 

6641 

c   6  9 

4 

31.3 

+  27  10 

0.0935 

0.3480 

7041 

u      7  14 

21 

32.0 

-14  5 

0.2510 

9.9158 

6681 

c   7  19 

7 

9.9 

+  25  13 

0.0620 

0.3288 

7081 

«   8  23 

20 

23.8 

-12  32 

0.2450 

9.8984 

6721 

c   8  28 

9 

38.4 

+  13  15 

0.0554 

0.3220 

7121 

«  10  2 

20 

6.4 

-10  55 

0.2307 

0.0216 

6761 

4  10  7 

11 

48.2 

-  3  11 

0.0777 

0.3267 

7161 

«  11  11 

20 

52.2 

-  7  43 

0.2078 

0.1381 

6801 

c  11  16 

13 

51.0 

-18  4 

0.1165 

0.3346 

7201 

«  12  21 

22 

9.5 

-  1  33 

0.1765 

0.2125 

6841 

I  12  26 

15 

55.2 

-27  39 

0.1574 

0.3338 

From  the  values  given  in  Table  I,  an  approximate  interpolation  was  made, 
substantially  as  described  in  Circular  No.  61.  Table  II  gives  in  the  successive 
columns  for  each  ten  days,  the  Julian  Day,  the  date,  the  right  ascension  and 
declination  for  1900,  the  logarithms  of  the  distances  of  the  Sun  and  Earth,  and  the 
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computed   inagnitude.     The   magnitude   at  distance  unity   is   assumed   to   be  11.39' 
and  no  correction  is  applied  for  phase  or  for  variation  in  light. 


TABLE   II. 

APrROXIAfATE   EPHEMEHIS   OF   EROS. 


J.  D. 

Dato. 
I00»-04. 

R.  A. 

1900. 

Dec. 

1900. 

U.g  r. 

log  A. 

Magn. 

,T.  D. 

Date. 
10U4-On. 

R.A. 
1900. 

Dec. 

1900. 

log  r. 

log  A. 

Magii. 

y.    m. 

d. 

h. 

m. 

o 

V-      '"■ 

d. 

A. 

m. 

o 

6440 

03  11 

21 

19 

37 

-19.0 

0.244 

0.329 

14.25 

6830 

04  12 

15 

15 

21 

-25.7 

0.146 

0.335 

13.79 

6450 

«  12 

1 

19 

59 

-17.7 

0.241 

0.344 

14.31 

6840 

»  12 

25 

15 

52 

-27.4 

0.156 

0.334 

13.84 

6460 

«  12 

11 

20 

21 

-16.1 

0.238 

0.357 

14.37 

6850 

05  1 

4 

16 

22 

-28.7 

0.166 

0.330 

13.87 

6470 

«  12 

21 

20 

48 

-14.3 

0.234 

0.368 

14.40 

6860 

u    1 

14 

16 

51 

-29.7 

0.175 

0.326 

13.89 

6480 

»  12 

31 

21 

6 

-12.3 

0.230 

0.377 

14.43 

6870 

«  1 

24 

17 

20 

-30.4 

0.184 

0.321 

13.91 

6490 

04  1 

10 

21 

29 

-10.2 

0.225 

0.384 

14.43 

6880 

»   2 

3 

17 

49 

-30.7 

0.192 

0.315 

13.93 

6500 

u         1 

20 

21 

52 

-  8.0 

0.220 

0.390 

14.44 

6890 

u   2 

13 

18 

18 

-30.6 

0.200 

0.307 

13.93 

6510 

«  1 

30 

22 

15 

-  5.6 

0.214 

0.394 

14.43 

6900 

«   2 

23 

18 

46 

-30.1 

0.207 

0.296 

13.91 

6520 

«   2 

9 

22 

38 

-  3.0 

0.207 

0.397 

14.41 

6910 

«   3 

5 

19 

13 

-29.3 

0.213 

0.283 

13.87 

6530 

«   2 

19 

23 

o 

-  0.2 

0.200 

0.398 

14.38 

6920 

u   3 

15 

19 

39 

-28.4 

0.219 

0.267 

13.82 

6540 

u      2 

29 

23 

26 

+  2.8 

0.192 

0.397 

14.33 

6930 

«   3 

25 

20 

3 

-27.3 

0.225 

0.249 

13.76 

6550 

u      3 

10 

23 

51 

+  5.9 

0.184 

0.395 

14.29 

6940 

«   4 

4 

20 

24 

-26.0 

0.230 

0.229 

13.69 

6560 

..   3 

20 

0 

16 

+  8.9 

0.175 

0.392 

14.23 

6950 

«   4 

14 

20 

43 

-24.6 

0.235 

0.207 

13.60 

6570 

«   3 

30 

0 

42 

+  11.9 

0.166 

0.388 

14.16 

6960 

«   4 

24 

21 

0 

-  23.2 

0.239 

0.1S3 

13.50 

6580 

u   4 

9 

1 

9 

+  14.8 

0.156 

0.384 

14.09 

6970 

u   5 

4 

21 

15 

-21.8 

0.243 

0.156 

13.39 

6590 

u   4 

19 

1 

38 

+  17.5 

0.146 

0.379 

14.01 

6980 

«   5 

14 

21 

28 

-20.4 

0.246 

0.126 

13.25 

6600 

«   4 

29 

2 

8 

+  20.1 

0.136 

0.374 

13.94 

6990 

«   5 

24 

21 

38 

-19.0 

0.248 

0.093  13.09  1 

6610 

«   5 

9 

2 

40 

+  22.5 

0.125 

0.368 

13.85 

7000 

u      6 

3 

21 

45 

-17.7 

0.249 

0.059 

12.93 

6620 

«   5 

19 

3 

14 

+  24.5 

0.115 

0.362 

13.77 

7010 

u   6 

13 

21 

48 

-16.6 

0.250 

0.022 

12.75 

6630 

«   5 

29 

3 

50 

+  26.0 

0.105 

0.356 

13.69 

7020 

«   6 

23 

21 

47 

-15.7 

0.251 

9.984 

12.57 

6640 

ic   6 

8 

4 

27 

+  27.1 

0.095 

0.349 

13.61 

7030 

u   7 

3 

21 

42 

-14.9 

0.251 

9.948 

12.39 

6650 

«  6 

18 

5 

5 

+  27.7 

0.086 

0.343 

13.53 

7040 

«   7 

13 

21 

33 

-14.2 

0.251 

9.918 

12.23 

6660 

«   6 

28 

5 

44 

+  27.6 

0.077 

0.338 

13.47 

7050 

"   7 

23 

21 

19 

-13.7 

0.250 

9.897 

12.13 

6670 

«   7 

8 

6 

24 

+  26.9 

0.069 

0.333 

13.40 

7060 

«   8 

2 

21 

1 

-13.3 

0.249 

9.887 

12.07 

6680 

«   7 

18 

7 

5 

+  25.5 

0.062 

0.329 

13.35 

7070 

«   8 

12 

20 

42 

-12.9 

0.247 

9.887 

12.06 

6690 

«   7 

28 

7 

45 

+  23.3 

0.057 

0.326 

13.31 

7080 

«   8 

22 

20 

25 

-12.5 

0.245 

9.898 

12.11 

6700 

cc   8 

7 

8 

24 

+  20.3 

0.054 

0.324 

13.28 

7090 

u   9 

1 

20 

12 

- 12.1 

0.242 

9.919 

12.19 

6710 

a   8 

17 

9 

1 

+  16.7 

0.053 

0.322 

13.27 

7100 

u      9 

11 

20 

4 

-11.8 

0.239 

9.948 

12.33 

6720 

u      8 

27 

9 

36 

+  12.9 

0.055 

0.322 

13.27 

7110 

a       9 

21 

20 

2 

-11.4 

0.235 

9.983 

12.48 

6730 

u   9 

6 

10 

10 

+  9.1 

0.059 

0.322 

13.29 

7120 

«  10 

1 

20 

6 

-11.0 

0.231 

0.019 

12.64 

6740 

«   9 

16 

10 

42 

+  5.2 

0.064 

0.324 

13..33 

7130 

«  10 

11 

20 

13 

-10.5 

0.227 

0.053 

12.79 

6750 

»   9 

26 

11 

14 

+  1.2 

0.070 

0.325 

13.37 

7140 

a     10 

21 

20 

23 

-  9.7 

0.222 

0.084 

12.92 

6760 

«  10 

6 

11 

45 

-  2.8 

0.077 

0.327 

13.41 

7150 

«  10 

31 

20 

35 

-  8.8 

0.216 

0.112 

13.03 

6770 

«  10 

16 

12 

16 

-  6.7 

0.085 

0.329 

13.46 

7160 

»  11 

10 

20 

49 

-  7.8 

0.209 

0.136 

13.11 

6780 

«  10 

26 

12 

47 

-10.6 

0.094 

0.331 

13.51 

7170 

u   11 

20 

21 

6 

-  6.6 

0.202 

0.158 

13.19 

6790 

«  11 

5 

13 

18 

-14.3 

0.104 

0.334 

13.58 

7180 

a     11 

30 

21 

25 

-  5.2 

0.195 

0.178 

13.25 

6800 

«  11 

15 

13 

48 

-17.8 

0.115 

0.335 

13.64 

7190 

u    12 

10 

21 

45 

-  3.6 

0.187 

0.196 

13.31 

6810 

»  11 

25 

14 

19 

-20.9 

0.125 

0.336 

13.69 

7200 

«  12 

20 

22 

7 

-  1.7 

0.178 

0.211 

13.33 

6820 

a  12 

5 

14 

50 

-23.5  0.136 

0.336 

13.75 
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It  Avill  be  noticed  that  this  is  oue  of  the  most  unfavorable  oppositions  that 
can  occur.  Eros  is  in  aphelion  on  July  5,  1905,  and  in  opposition  on  August  7, 
1905.  At  no  time  during  1904  and  1905  is  it  brighter  than  the  twelfth  magnitude. 
The  most  important  observations  that  can  be  made  during  this  opposition  are  those 
of  the  variation  in  light,  both  visually  and  photographically.  Excellent  light  ciu-ves 
of  Eros  have,  however,  been  obtained  this  year  by  Professor  Bailey  at  Arequipa, 
with  the  1.3-incli  Boyden  Telescope,  although  the  planet  was  fainter  than  the 
twelfth  magnitude.  It  seems  probable  therefore  that  valuable  observations  may 
be  obtained  in  1905,  with  the  numerous  large  reflectors  and  refractors  available. 
The  planet's  position  in  the  sky  will  be,  in  general,  nearly  oppposite  to  that  it 
■had  in  the  spx-ing  of  1901,  when  its  variability  was  discovered. 

EDWARD    C.   PICKERING. 

Septemuer  12,  1903. 
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Harvard  College  observatory. 
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VARIABLE   STARS   OF   LONG   PERIOD. 

The  method  of  observing  variable  stars  of  long  period  at  the  Harvard  College 
Observatory,  is  described  in  the  Annals,  Volume  XXXVII.  In  general,  a  sequence 
of  comparison  stars  is  selected  having  intervals  of  about  a  tliird  of  a  magnitude,  and 
the  variable  is  compared  by  Argelander's  method  with  a  brighter  and  a  fainter  star, 
at  least  once  a  month.  Photometric  measures  of  the  light  of  these  comparison  stars 
permit  all  the  results  to  be  reduced  to  a  uniform  photometric  scale.  Observations 
of  seventy-four  of  these  variables,  from  1889  to  1901,  are  discussed  in  Volume 
XXXVII. 

When  the  measures  made  at  diiferent  observatories  on  the  same  night  are  com- 
pared, they  often  differ  by  half  a  magnitude  or  more.  A  large  part  of  these  errors 
is  due  to  the  red  color  of  many  variables  of  this  class,  and  will  depend  upon  the 
observer,  the  size  of  the  telescope,  the  color  of  the  star,  and  other  causes.  Often 
observers  will  not  agree  regarding  the  two  stars  of  the  sequence  between  which  the 
variable  should  be  included.  The  resulting  magnitudes  would  therefore  be  nearly 
as  good  if  the  observer  merely  stated  that  the  variable  was  surely  brighter  than 
one  star  and  fainter  than  that  next  it  in  the  sequence,  without  attempting  to 
estimate  grades.  At  least,  considering  the  large  number  of  variables  of  which  we 
have  no  current  observations,  our  knowledge  of  their  variations  could  thus  be 
greatly  and  easily  increased. 

Owing  to  the  great  range  in  brightness  of  many  of  these  stars  and  the  uncertainty 
in  our  knowledge  of  the  laws  regulating  their  vai'iations  these  errors  are  not  very 
serious,  and  it  is  much  to  be  desired  that  all  known  variables  of  this  class,  about 
four  hundred  in  number,  should  be  observed  according  to  the  same  system.  The 
case  is  entirely  different  from  that  of  the  variables  of  short  period,  and  from  that 
of  variables  of  the  Algol  type,  which  vary  so  regularly  and  their  light  curves  can 
be  determined  so  accurately  by  photometric  methods,  that  observations  of  them  by 
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Argelander's  method  are  of  less  importance.  For  these  stars,  it  is  better  to  deter- 
mine the  form  of  light  curve  once  for  all  photometrically,  and  then  measure  the 
period  and  its  variations  by  occasional  observations  when  the  star  is  changing 
most  rapidl}'. 

Table  I  contains  a  list  of  the  variables  of  long  period.  The  first  two  columns 
give  the  designations  and  names  of  the  stars  taken  from  the  first  and  third  columns  of 
the  table  given  on  page  96  of  Volume  XLYIII,  and  adding  a  few  objects  discovered 
later.  The  designation  gives  the  hour  and  minute  of  right  ascension  and  the  degree 
of  declination  of  each  star,  for  1900,  southern  declinations  being  indicated  by  Italics. 
The  third  column  furnishes  additional  information  regarding  each  variable.  The 
number  indicates  the  Series  of  Father  Hagen  in  which  the  variable  occurs,  6  denot- 
ing observations  supplementary  to  Sei'ies  1,  2,  and  3.  The  letter  p  denotes  that  the 
star  is  one  of  the  polar  stars  discussed  in  Volume  XXXVII,  Part  I ;  a  denotes  the 
fifty-eight  additional  stars  contained  in  Volume  XXXVII,  Part  II ;  s  denotes  other 
stars  for  which  sequences  have  been  selected  and  measured  by  the  writer  with 
the  12-inch  Meridian  Photometer ;  h  denotes  stars  discovered  at  Harvard  for  which 
sequences  have  been  selected  from  the  photographs ;  r  denotes  the  stars  for  which 
faint  standards  have  been  selected  and  measured  by  the  aid  of  the  Rumford  Fund, 
by  cooperation  of  the  Yerkes,  Lick,  McCormick,  Halsted,  and  Harvard  Observatories ; 
d  denotes  the  stars  for  which  enlargements  have  been  made  of  the  Durchmusterung 
charts,  as  described  in  Circular  No.  53  ;  f  denotes  stars  which  are  followed,  if 
possible,  once  a  month  either  at  Cambridge  or  Arequipa.  Similar  observations 
are  made  of  all  the  stars  marked  a  and  p.     The  star  092448  should  be  omitted. 

The  positions  and  photometric  magnitudes  of  the  sequences  for  the  stars  marked 
p  and  a  ^vill  be  found  in  Volume  XXXVII.  The  positions  and  photographic  magni- 
tudes of  the  sequences  for  the  stars  marked  h  are  in  process  of  j)ubUcation  in 
Volume  XLVII.  Photometric  measures  have  been  made  by  the  writer,  with  the 
12-inch  Meridian  Photometer,  of  all  the  sequences  for  stars  in  Hagen' s  Series  1, 
2,  3,  4,  and  5,  except  those  marked  p  and  a,  for  which  other  photometers  have 
been  used.  Photometric  measures  are  in  progress  of  sequences  for  stars  marked  h 
and  north  of  declination  — 25°,  and  will  shortly  be  undertaken  for  those  marked  6. 
In  general,  therefore,  sequences  have  been  selected,  for  nearly  all  the  stars  marked 
with  a  letter  or  figure,  except  those  marked  6.  Photometric  measurements  have 
been  made  of  nearly  all  of  these  except  those  marked  h. 
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TABLE   I. 

VARIABLE   STARS   OF   LONG   PERIOD. 


3 

3  o  I 


Design. 

Na,.e. 

Rem. 

Design. 

Name. 

Rem. 

Design. 

Name. 

Rem. 

Design. 

Name. 

Rem. 

000SS9 

V  Sculpt. 

h 

024217 

T  Arietis 

4s 

054974 

V  Camelop. 

083350 

—  Urs.Maj. 

h 

001032 

S  Sculpt. 

hf 

024356 

W  Persei 

4s 

054920 

U  Orionis 

2  ad 

084127 

R  Pyxidis 

001726 

T  Androm. 

3  ad 

025050 

R  Horologii 

hf 

055353 

Z  Aurigae 

084803 

S  Hydrae 

2  ad 

001755 

T  Cassiop. 

3pd 

025751 

T  Horologii 

055686 

R  Octantis 

hf 

085008 

T  Hydrae 

lard 

001862 

S  Tucanae 

h 

030514 

U  Arietis 

2  8r 

060450 

X  Aurigae 

6 

085120 

T  Cancri 

4s 

001838 

K  Androm. 

3  ad 

031401 

XCeti 

6hf 

061647 

V  Aurigae 

3sr 

090024 

S  Pyxidis 

f 

001909 

SCeti 

lard 

032043 

Y  Persei 

061702 

V  Monoc. 

4,6  8 

090425 

W  Cancri 

6hf 

002438a. 

T  Sculpt. 

032335 

R  Persei 

Ssr 

063308 

R  Monoc. 

6 

091868 

RW  Carin. 

h 

0024S8h 

RR  Sculpt. 

034124 

S  Fornacis 

063558 

S  Lyncis 

6 

092048 

—  Velorum 

h 

002546 

T  Phoenicis 

h 

034625 

U  Eridani 

064030 

X  Gemin. 

6 

092448 

—  Velorum 

002833 

W  Sculpt. 

035124 

T  Erida'ni 

hf 

064707 

W  Monoc. 

092551 

Y  Velorum 

003179 

Y  Cephei 

040725 

W  Eridani 

hf 

065111 

Y  Monoc. 

6 

092962 

R  Carinae 

5f 

004047 

U  Cassiop. 

Ssrf 

041619 

T  Tauri 

2  8 

065208 

X  Monoc. 

4hf 

093014 

X  Hydrae 

6 

004435 

V  Androm. 

6 

042215 

W  Tauri 

2s 

065355 

R  Lyncis 

3pd 

093178 

Y  Draconis 

004435 

X  Sculpt. 

042209 

R  Tauri 

2  ad 

070122a 

R  Gemin. 

2ard 

093934 

R  Leo.  Min. 

3ard 

004958 

W  Cassiop. 

042309 

S  Tauri 

2a 

070122b 

Z  Gemin. 

094023 

RR  Hydrae 

005475 

—  Tucanae 

h 

043065 

T  Camelop. 

38 

070109 

VCan.Min. 

6hf 

094211 

R  Leouis 

4  ad 

010630 

U  Sculpt. 

043274 

X  Camelop. 

070310 

RCan.Min. 

48 

094622 

Y  Hydrae 

4h 

010940 

U  Androm. 

6 

043263 

R  Reticuli 

f 

070311 

-  Can.  Maj. 

h 

094953 

Z  Velorum 

011272 

S  Cassiop. 

3prd 

043562 

R  Doradus 

f 

070772 

R  Volantis 

095421 

V  Leonis 

2  8 

011208 

S  Piscium 

2sr 

04373s 

R  Caeli 

hf 

071044 

L-  Puppis 

5f 

095458 

RR  Carinae 

hf 

011712 

U  Piscium 

2  s 

044349 

R  Pictoris 

hf 

071201 

RR  Mouoc. 

095563 

RV  Carinae 

012233 

R  Sculpt. 

f 

044617 

V  Tauri 

2sr 

071713 

V  Gemin. 

2  8 

100661 

S  Carinae 

f 

012502 

R  Piscium 

2  ad 

045307 

R  Orionis 

2s 

072708 

SCan.Min. 

2  ad 

101058 

Z  Carinae 

hf 

013238 

RUAndrom 

045514 

R  Leporis 

48 

072820h 

Z  Puppis 

101153 

W  Velorum 

013338 

Y  Androm. 

6 

050022 

T  Leporis 

6hf 

072811 

TCan.Min. 

2  s 

103212 

U  Hydrae 

014958 

X  Cassiop. 

6 

050003 

V  Orionis 

2  s 

072820a. 

X  Puppis 

103270 

—  Carinae 

h 

015254 

U  Persei 

3sh 

050848 

S  Pictoris 

h 

073173 

S  Volantis 

103361 

RX  Carinae 

li 

015912 

S  Arietis 

2  8 

050953 

II  Aurigae  ^  3  pd 

073508 

UCan.Min. 

2  s 

103769 

R  Urs.Maj. 

3pd 

021024 

R  Arietis 

2  ad 

051247 

—  Pictoris 

h 

073723 

S  Gemin. 

28 

104628 

RS  Hydrae 

021143 

W  Androm. 

6 

051533 

TColumbae 

h 

074241 

W  Puppis 

h 

104620 

V  Hydrae 

48 

021281 

Z  Cephei 

4 

052036 

W  Aurigae 

6 

074323 

T  Gemin. 

28 

104814 

W  Leonis 

2sr 

021403 

oCeti 

4,5  ad 

052034 

S  Aurigae 

38 

074922 

U  Gemin. 

2 

110506 

S  Leonis 

2  8 

021558 

S  Persei 

3pd 

052404 

S  Orionis 

Isr 

075612 

U  Puppis     [  1  srhf 

111661 

RS  Cent. 

h 

022000 

RCeti 

lard 

053068 

S  Camelop. 

3s 

080138 

RT  Puppis       h 

114441 

X  Ceutauri 

h 

022260 

S  Horologii 

h 

053005a, 

T  Orionis 

Is 

080322 

RU  Puppis       hf 

115058 

W  Centaurii     h 

022426 

R  Fornacis 

053326 

RR  Tauri 

6 

081112 

R  Cancri 

2  ad 

115919 

RCom.Ber.      ad 

022741 

X  Eridani 

053531 

U  Aurigae 

3s 

081617 

V  Cancri 

2ard 

120206 

RW  Virg. 

4h 

022813 

UCeti 

4  ad 

054331 

S  Columbae 

082476 

R  Chamael. 

h 

120905 

T  Virginis 

lard 

022980 

RR  Cephei 

054615 

Z  Tauri 

6 

082405 

RT  Hydrae  4  hf 

I214I8 

R  Corvi 

lad 

023133 

R  Triang. 

3sh 

054629 

R  Columbae 

hf 

083019 

U  Cancri       2  s 

122532 

TCan.Ven.  6 

1 

CIRCULAR   NO.    74. 


Design. 

Name. 

Kim. 

Design. 

Name. 

Rem. 

Design. 

Name. 

Kern. 

Design. 

Name. 

Rem. 

122657 

U  Crucis 

h 

151731 

SCor.Bor. 

3  ad 

165636 

RT  Scorpii 

hf 

190967 

U  Draconis 

132854 

U  Centauri 

hf 

151822 

RS  Librae 

6hf 

170215 

R  Ophiuchi 

lad 

191007 

W  Aquilae 

122803 

Y  Virginis 

lad 

152714 

RU  Librae 

6hf 

170627 

RT  Here. 

191033 

RY  Sagitt. 

123160 

TUrs.Maj. 

3prd 

152849 

R  Normae 

170833 

R  W  Scorpii 

hf 

191017 

T  Sagitt. 

Is 

123.807 

R  Virginis 

4  ad 

153020 

X  Librae 

Is 

171401 

Z  Ophiuchi 

6hf 

191050 

V  Telesc. 

h 

123961 

SUrs.  Maj. 

3,4  pd 

153215 

W  Librae 

1  s 

171723 

RS  Here. 

6 

191019 

R  Sagitt. 

lad 

124204 

KU  Virgin. 

6 

153378 

S  Urs.  Min. 

h 

171843 

SW  Scorpii 

h 

191350 

TZ  Cygni 

124606 

U  Virginis 

2ard 

153620 

U  Librae 

Is 

172586 

S  Octantis 

hf 

191319 

S  Sagitt. 

Is 

125057 

—  Crucis 

h 

153654 

T  Normae 

173543 

RU  Scorpii 

hf 

191321 

Z  Sagitt. 

Isr 

125705 

RT  Virgin. 

hf 

154020 

Z  Librae 

Is 

174162 

W  Pavonis 

h 

191637 

U  Lyrae 

130212 

RV  Virgin. 

154428 

RCor.Bor. 

3a 

174135 

SV  Scorpii 

191717 

T  Sagittae 

48 

131283 

U  Octantis 

154639 

V  Cor.  Bor. 

3  s 

174551 

U  Arae 

h 

192928 

TV  Cygni 

131561 

—  Centauri 

h 

154615 

R  Serpentis 

2  sr 

174748 

VArae 

h 

193311 

RT  Aquilae 

132202 

V  Virginis 

1  ad 

154736 

R  Lupi 

175458 

T  Draconis 

4s 

193449 

R  Cygni 

3  ad 

132422 

R  Hydrae 

4,5  ad 

154715 

R  Librae 

6 

175519 

RY  Here. 

198509 

RV  Aquilae 

132706 

S  A'irginis 

lard 

155018 

RR  Librae 

Isr 

175654 

V  Draconis 

193972 

T  Pavonis 

h 

133155 

RV  Cent. 

h 

155823 

RZ  Scorpii 

180122 

RW  Here. 

194048 

RT  Cygni 

48  h 

13.3278 

T  Urs.  Min. 

160021 

Z  Scorpii 

1  s 

180363 

R  Pavonis 

h 

194350 

W  Telesc. 

h 

133633 

T  Centauri 

f 

160150 

RRIIerc. 

48 

180565 

W  Draconis 

194348 

TU  Cygni 

134236 

RT  Cent. 

16011.S 

R  Ilerculis 

2  ad 

180531 

T  Herculis 

8  ad 

194604 

X  Aquilae 

hf 

134327 

W  Hydrae 

160210 

U  Serpentis 

6hf 

180666 

X  Draconis 

194682 

X  t'ygni 

3,5ard 

134440 

RCan.Ven. 

3  ad 

160221 

X  Scorpii 

Is 

180742 

YCor.Aus. 

h 

194659 

S  Pavonis 

h 

134536 

RX  Cent. 

160519 

W  Scorpii 

Is 

181136 

W  Lyrae 

194929 

RR  Sagitt. 

hf 

134677 

T  Apodis 

160524 

RX  Scorpii 

I8I949 

T  Telescopii 

h 

195142 

RU  Sagitt. 

hf 

135908 

RR  Virgin. 

Is 

160625 

RU  Here. 

6 

182133 

RV  Sagitt. 

hf 

195202 

RR  Aquilae 

h 

140113 

Z  Bootis 

hf 

161138 

W  Cor.  Bor. 

182345 

—  Cor.  Au8. 

h 

195308 

RS  Aquilae 

hf 

140512 

Z  Virginis 

1  8 

161122a 

R  Scorpii 

lard 

182306 

T  Serpentis 

6 

195855 

S  Telescopii 

140528 

RU  Hydrae 

161122h 

S  Scorpii 

lard 

183225 

RZ  Here. 

195849 

Z  Cygni 

3  8f 

140959 

R  Centauri 

5f 

161607 

WOphiuchi 

6 

183308 

X  Ophiuchi 

48 

200360 

X  Pavonis 

h 

141549 

TLupi 

h 

161751 

X  Normae 

h 

183437 

U  Cor.  Aus. 

h 

200857 

S  Cygni 

6pd 

141954 

S  Bootis 

3prd 

162112 

V  Ophiuchi 

4s 

184184 

RY  Lyrae 

200514 

R  Capric. 

1  8 

142205 

RS  Virginis 

6hf 

162119 

U  Herculis 

2  ad 

184248 

RW  Lyrae 

200715a 

S  Aquilae 

48 

142584 

RCamelop. 

3prd 

162319 

Y  Scorpii 

6 

185032 

RX  Lyrae 

200747 

R  Telesc. 

hf 

142.539 

V  Bootis 

48 

162815 

T  Ophiuchi 

1  s 

185537H 

R  Cor.  Aus. 

f 

200812 

RU  Aquilae 

143227 

R  Bootis 

Sad 

162807 

SS  Herculis 

6 

185512 

ST  Sagitt. 

4hf 

200844 

RZ  Sagitt. 

143417 

V  Librae 

Is 

162816 

S  Ophiuchi 

Is 

185634 

Z  Lyrae 

200822 

W  Capric. 

Is 

144646 

S  Lupi 

h 

163137 

W  Herculis 

3ar 

185737 

RT  Lyrae 

200906 

Z  Aquilae 

6 

144918 

U  Bootis 

28 

163266 

R  Draconis 

3prd 

190049 

U  Telesc. 

h 

201008 

R  Delphini 

2  ad 

145971 

S  Apodis 

h 

163172 

R  Urs.  Min. 

4pd 

190108 

R  Aijuilae 

2  8r 

201139 

RT  Sagitt. 

hf 

150018 

RT  Librae 

6 

164319 

RROph. 

190529 

V  Lyrae 

201152 

X  Telesc. 

150519 

T  Librae 

Is 

164715 

S  Herculis 

2ard 

190819 

RW  Sagitt. 

hf 

201121 

RT  Capric. 

f 

150605 

Y  Librae 

164844 

RS  Scorpii 

hf 

190818 

RX  Sagitt. 

hf 

201130 

SX  Cygni 

4 

150850 

W  Lupi 

h 

164832 

SS  Scorpii 

190925 

S  Lyrae 

201437b  -  Cygni 

151520 

S  Librae 

lad 

165030 

RR  Scorpii 

hf 

190941 

RU  Lyrae 

201520 

V  Sagittae 

151714 

S  Serpentis 

2  ad 

165631 

RV  Here. 

190988 

RS  Lyrae 

201647 

U  Cygni 

4  ad 

CIRCULAR   NO.   74. 


Zo^ 


Desigu. 

Name. 

Ken. 

Desisn. 

Name. 

Rem. 

Design. 

Xame. 

Rem. 

Design. 

Name. 

Rem. 

W2128 

T  Microsc. 

h 

204954 

SIndi 

hf 

213678 

S  Cephei 

3pd 

223841 

R  Lacertae 

3sr 

202240 

U  Microsc. 

h 

205017 

X  Delphini 

213753 

RU  Cygni 

48 

225120 

S  Aquarii 

1  ard 

202539 

RW  Cygni 

4s 

205030 

UX  Cygni 

213843 

SS  Cygni 

6ahd 

225914 

—  Pegasi 

h 

202622 

RU  Capric. 

6 

205627 

RR  Capric. 

214024 

RR  Pegasi 

230110 

R  Pegasi 

2  ard 

202817 

Z  Delphiui 

205782 

T  Octantis 

hf 

214247 

R  Gruis 

hf 

230759 

V  Cassiop. 

6 

202946 

SZ  Cygiii 

205923 

R  Vulpec. 

2  ard 

215605 

V  Pegasi       6  hf 

231425 

W  Pegasi 

4s 

202954 

ST  Cygni 

210129 

TW  Cygni 

6 

215717 

U  Aquarii      1  s 

231508 

S  Pegasi 

2  ad 

203Jt29 

R  Microsc. 

hf 

210124 

V  Capric. 

1  8r 

215328 

SPisc.Aus.i 

233815 

R  Aquarii 

lad 

20.3611 

Y  Delphiui 

210221 

X  Capric. 

Is 

215934 

RT  Pegasi 

233956 

Z  Cassiop. 

203847 

V  Cygiii 

Sad 

210382 

X  Cephei 

6 

220412 

T  Pegasi 

2s 

234716 

Z  Aquarii 

4hf 

203816 

S  Delphiui 

2  8 

210516 

Z  Capric. 

6 

220613 

Y  Pegasi 

4 

235053 

RR  Cassiop. 

203905 

Y  Aquarii 

6 

210504 

RS  Aquarii 

6 

220714 

RS  Pegasi 

4 

235150 

R  Phoeuicis 

f 

204016 

T  Delphini 

28 

210868 

T  Cephei 

4pd 

221230 

R  Pise.  Aus. 

f 

236265 

R  Tucanae 

hf 

204104 

W  Acjuarii 

6hf 

210812 

R  E(iuulei 

4 

221321 

X  Aquarii 

6hf 

235209 

VCeti 

Is 

204102 

V  Aquarii      4  s 

210903 

RR  Aquarii 

6 

221722 

RT  Acjuarii 

6h 

235350 

R  Cassiop. 

4pd 

204215 

U  Capric.       1  8 

211614 

X  Pegasi 

221733 

T  Lacertae 

235357 

S  Phoenicis 

h 

204318 

V  Delphini    6  hf 

211615 

T  Capric. 

Is 

221938 

T  Gruis 

hf 

235525 

Z  Pegasi 

h 

204405 

T  Aquarii      1  ad 

212030 

S  Microsc. 

221948 

S  Gruis 

hf 

235715 

WCeti 

6 

204763 

U  Pavonis        h 

212814 

Y  Capric. 

Is 

222439 

S  Lacertae 

Sshf 

235855 

Y  Cassiop. 

6hf 

204846 

RZ  Cygni      6 

213244 

W  Cygni 

222867 

RIndi 

f 

The  positions  of  the  stars  in  the  sequences  not  given  in  Volumes  XXXVII  and 
XLVII  are  shown  in  Table  II.  The  designation  of  the  variable  is  given  in  the  first 
column,  and  the  successive  columns  give  the  difference  in  right  ascension  expressed 
in  seconds  of  time,  and  in  declination  expressed  in  minutes  of  arc  and  tenths,  of 
each  star  from  the  variable.  When  the  star  precedes  or  is  south  of  the  variable, 
the  corresponding  coordinate  is  placed  in  Italics.  For  stars  contained  in  Hagen's 
Series  1,  2,  and  3,  the  positions  are  taken  from  that  work  and  the  order  is  that 
of  the  Hagen  numbers.  For  other  stars,  the  Durchmusterung  positions  and  magni- 
tudes are  used  for  the  brighter  stars,  and  estimates  for  the  fainter.  It  is  suggested 
that  these  stars  be  provisionally  designated,  a,  h,  c,  etc.,  and  that  the  final  order 
and  designations  be  applied  when  the  final  magnitudes  are  deduced.  In  many  cases, 
the  intervals  of  the  sequence  will  prove  too  large,  and  additional  stars  may  then 
be  inserted.  Thus,  if  two  stars  were  needed  between  c  and  d,  they  could  be  called 
c'  and  c".  It  is  extremely  desirable,  to  avoid  confusion,  that  designations  once  used 
should  not  be  changed  until  the  final  notation  can  be  adopted  and  published,  so 
that  any  changes  may  be  made  once  for  all. 
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TABLE   II. 
ADDITIONAL   SEQUENCKS. 


Desii:u. 

Aa 

M 

Aa 

M 

Ao 

A« 

Aa 

AS 

Aa 

A5 

Ao 

A5 

Ao 

AS 

Aa 

AS 

004047 

57 

26.4 

«. 

30 

0.5 

i;?5 

5.9 

106 

18.3 

16 

0.9 

«. 

44 

16.8 

2.2 

56 

6.7 

27 

5.1 

3 

11.4 

71 

g.i 

35 

3.0 

14 

2.9 

011208 

114 

32.3 

117 

9.6 

59 

26.7 

19 

2.7 

39 

0.3 

30 

7.8 

54 

7.8 

28 

12.3 

7S 

4.8 

50 

5.7 

14 

1.8 

58 

12.0 

1 

0.6 

011712 

60 
38 

16.2 
7.2 

23 
0 

14.1 

15 
58 

13.2 
12.7 

^0 

7.2 

48 

15.9 

21 

5.1 

^0 

i6.^ 

37 

3.9 

015254 

229 

7.4 

80 

i5.0 

140 

i.<? 

5i 

29.1 

149 

5.5 

26 

8.8 

50 

9.2 

112 

2.6 

31 

23.0 

34 

10.9 

12 

1.3 

40 

.4.8 

41 

0.4 

13 

5.6 

1 

9.9 

7 

8.3 

50 

6.0 

6 

3.1 

9 

1.8 

015912 

13S 
1 

9.6 

11.2 

151 

20.8 

97 

5.2 

11 

5.5 

22 

4.4 

51 

5.6 

19 

;2.2 

55 

14.6 

023133 

247 

16.3 

73 

27.5 

i9<? 

4.9 

92 

6.6 

119 

6.^ 

147 

21.3 

49 

29.0 

^i 

7.i 

28 

3.2 

24 

ii.,y 

64 

^.5 

21 

15.4 

31 

£i.5 

68 

0.7 

0 

5.i 

4 

6.6 

39 

8.7 

56 

0.1 

i 

2.4 

024217 

151 
49 

31.4 
0.1 

56 

1 

14.0 
6.4 

52 

19.5 

56 

14.0 

13 

^5.9 

^4 

5.2 

40 

11.3 

189 

13.4 

024356 

83 
96 

2.9 

6.9 

110 

28 

16.6 
4.9 

77 
12 

25.1 
11.4 

69 

4.1 

28 

I8.4 

22 

22.1 

5 

1.5 

117 

28.9 

030514 

140 

26 

33.0 

8.2 

16 
34 

32.9 
6.9 

64 
12 

34.0 
3.0 

14 
11 

20.2 

7.^ 

59 

2.4 

81 

14.7 

65 

2.2 

f 

11.4 

032335 

75 

8.0 

155 

0.3 

108 

23.2 

72 

1.1 

44 

0.2 

57 

12.1 

19 

7.5 

40 

1.6 

42 

12.8 

43 

10.6 

28 
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An  examination  of  Table  I  and  of  the  Provisional  Catalogue  given  in  Volume 
XLVUI  shows  how  much  useful  work  remains  to  be  done  on  these  variables. 
Apparently,  no  observations  are  now  being  made  of  many  of  these  stars,  although 
the  photographs  taken  here  and  at  Arequipa  probably  furnish  the  means  of  follow- 
in"-  them  all.  There  is  danger,  however,  that  hereafter,  from  lack  of  visual 
observations  at  the  present  time,  many  important  facts  cannot  be  estabhshed. 
It  is  hoped  that  astronomers  will  select  and  publish  sequences  for  the  variables 
for  which  this  has  not  been  done,  and  wdll  undertake  systematic  observations  of 
them.  If  the  variables  are  observed  photometi-ically  but  few  comparison  stai's 
will  be  needed,  and  these  should  be  included  in  the  final  sequence  when  it  is 
selected.  Photometric  measures  will  be  made  here  so  far  as  possible,  in  order 
that  the  observations  may  be  reduced  to  the  same  photometric  scale  as  that 
employed  for  the  other  variables.  It  is  the  policy  of  this  Observatory  to  aid 
others  in  rendering  their  work  homogeneous,  and  the  initiative  has  been  taken  in 
the  present  case  only  since  otherwise  it  appeared  probable  that  this  work  would 
not  have  been  undertaken. 

EDWARD    C.   PICKERING. 

Jaslakv  1,  1904. 
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Harvard  College  Observatory. 


CIRCULAR    No.    75. 


variability  op  iris  (7). 

A  SERIES  of  measui-ements  of  the  light  of  the  planet  Iris  (7)  has  been  made  by 
Professor  Wendell  with  the  polarizing  photometer,  with  sliding  achromatic  prisms, 
attached  to  the  15-inch  equatorial  telescope  of  the  Harvard  College  Observatory.  A 
variation  like  that  of  the  planet  Eros  has  been  established,  having  a  period  of  about 
0''.259  =  6*  13'".  The  range  is  only  two  or  three  tenths  of  a  magnitude,  and  the  varia- 
tion would  be  uncertain  but  for  the  very  small  accidental  errors  which  occur  in  ob- 
servations made  in  this  way.     See  Circulars  Nos.  23,  25,  30,  and  41. 

The  results  of  the  measures  made  by  Professor  Wendell  are  given  in  Table  I. 
The  Julian  Day  and  fraction  following  Greenwich  Mean  Noon,  omitting  the  three 
left  hand  figures,  241,  is  given  in  the  first  column.  The  designation  of  the  com- 
parison star  is  given  in  the  second  column.  The  observed  difference  in  magni- 
tude between  Iris  and  the  comparison  star  is  given  in  the  third  column,  a  positive 
sign  indicating  that  the  star  was  brighter  than  Iris.  The  fourth  column  gives  the 
phase  computed  by  the  formula  2,416,470''.000  +  0''.259  E.  The  fifth  column  gives 
the  amoimt  that  Iris  is  fainter  than  its  assumed  maximum  magnitude.  This  quantity 
was  found  by  plotting  the  times  and  observed  differences  in  magnitude  on  each  night, 
and  by  inspection  assuming  the  maximum  magnitude.  The  latter  was  then  sub- 
tracted from  the  observed  magnitude,  and  a  curve  constructed  from  these  differences 
and  the  corresponding  phases.  Owing  to  errors  in  the  assumed  maximum  magnitudes, 
the  points  on  some  nights  were  above  and  on  others  below  the  curve.  The  mean 
value  of  the  deviations  from  the  curve  for  each  night  was  therefore  subtracted  from 
these  diflferences  and  gives  the  quantity  contained  in  the  fifth  column.  Negative 
signs  are  indicated  by  Italics.  This  process  was  necessary,  since  different  stars  were 
used  on  different  nights,  and  we  had  no  means  of  knowing  their  true  magnitudes. 
The  sixth  column  gives  the  residual  found  by  subtracting  the  magnitude  as  given  by 
a  smooth  curve  from  that  contained  in  the  fifth  column.  Tlie  average  value  of  these 
46  residuals  is  only  ±0.022. 
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TABLE   I. 

OBSERVATIONS   OF  IRIS  (7). 


J.  D. 

DM. 

Diff. 

Phase. 

M. 

0  — c. 

J.  D.                        DM. 

Difi. 

Phase. 

M. 

o  — c. 

6475.606 

+18  1576 

-0.79 

0.167 

0.22 

0.03 

6487.540    +18  1495 

-1.68 

0.187 

0.10 

0.00 

"    .612 

u         a 

-0.86 

0.173 

0.15 

O.OS 

"   .546  ;      »      " 

-1.72 

0.193 

0.06 

0.00 

"    .658 

«         li 

-1.01 

0.219 

0.00 

0.01 

"    .568  '      "      " 

-1.76 

0.215 

0.02 

0.01 

"    .665 

»         << 

-1.02 

0.226 

0.01 

0.02 

"    .576         "       " 

-1.76 

0.223 

0.02 

0.01 

6477.645 

+18  1553 

-0.96 

0.134 

0.06 

n.OJ 

"    .599         "       " 

-1.73 

0.246 

0.05 

0.00 

«    .651 

«      (( 

-0.90 

0.140 

0.12 

O.Oi' 

"    .606         "       " 

-1.75 

0.253 

0.03 

0.04- 

"    .662 

((      (( 

-0.86 

0.151 

0.16 

0.00 

■'    .627         "       " 

-1.64 

0.015 

0.14 

0.04 

6479.603 

+18  1538 

+0.12 

0.020 

0.21 

0.02 

'•    .6.36         "       " 

-1.59 

0.024 

0.19 

0.02 

"    .611 

»      « 

+0.11 

0.028 

0.20 

0.01 

'^    .656         "       '•• 

-1.68 

0.044 

0.10 

o.os 

"    .656 

i<      « 

-0.02 

0.073 

0.07 

0.04 

■'    .664         "       " 

-1.71 

0.052 

0.07 

0.01 

"    .664 

_ 

-0.07 

0.081 

0.02 

0.00 

6495.567  ,  +18  1419 

-1.00 

0.185 

6480.552 

"      " 

-0.08 

0.192 

0.05 

0.02 

"    .574  1      "       " 

-1.02 

0.192 

"    .558 

"      " 

-0.13 

0.198 

0.00 

0.04 

6498.543  '  +18  1391 

-1.99 

0.053 

0.08 

0.00 

«    .586 

"      " 

-0.07 

0.226 

0.06 

0.05 

"    .551  j      «       « 

-2.04 

0.061 

0.03 

0.02 

"    .612 

u          « 

-0.07 

0.252 

0.06 

0.01 

6499.524  |      «       " 

-1.82 

0.257 

0.21 

0.10 

»    .621 

-0.04 

0.002 

0.09 

0.0-3 

"    .530  '      '■'       " 

-1.82 

0.004 

0.21 

0.07 

6485.565 

+18  1496 

-1.66 

0.025 

0.25 

0.04 

"     546         "       " 

-1.80 

0.020 

0.23 

0.03 

"    .570 

«       << 

-1.68 

0.030 

0.23 

0.01' 

'•    .552         "       " 

-1.82 

0.026 

0.21 

0.00 

"    .601 

a         « 

-1.83 

0.061 

0.08 

0.00 

'^    .578 

-1.96 

0.052 

0.07 

0.01 

"    .606 

"         " 

-1.91 

0.066 

0.00 

0.04 

"    .585 

-1.97 

0.059 

0.06 

0.00 

"    .624 

it         « 

-1.88 

0.084 

0.03 

(».0l 

'•    .603 

-2.01 

0.077 

0.02 

0.00 

"    .631 

» 

-1.90 

0.091 

0.01 

0.01 

"    .610 

-2.08 

0.084  1  0.05 

0.07 

"    .651 

u         u 

-1.86 

0.111 

0.05 

0.00 

"    .630 

-2.03 

0.104 

0.00 

O.OS 

'•    .060 

"         " 

-1.83 

0.120 

0.08 

O.OL' 

••    .6fiO         ■•       " 

-i.9(; 

0.1. :]4 

0.07 

o.os 

TABLE   II. —LIGHT   CURVE. 


Ph. 

M. 

Ph. 

M. 

Ditf. 

0.00 

0.12 

0.13 

0.09 

0.03 

0.01 

0.16 

0.14 

0.12 

0.04 

0.02 

0.19 

0.15 

0.17 

0.02 

0.03 

0.21 

0.16 

0.19 

0.02 

0.04 

0.17 

0.17 

0.18 

0.01 

0.05 

0.10 

0.18 

0.14 

0.04 

0.06 

0.05 

0.19 

0.09 

0.04 

0.07 

0.03 

0.20 

0.06 

0.03 

0.08 

0.02 

0.21 

0.02 

0.00 

0.09 

0.02 

0.22 

0.01 

0.01 

0.10 

0.03 

0.23 

0.02 

0.01 

0.11 

0.04 

0.24 

0.03 

0.01 

0.12 

0.06 

0.25 

0.03 

0.03 

sembles   that  of  Ero.«,  and    that 
to  Iris  also.     The  latter  asteroid 


The  coordinates  of  the  liglit  curve  are  given 
in  Table  II.  The  phases  are  given  in  the  first 
and  third  columns,  the  corresponding  magnitudes 
in  the  second  and  fourth  columns.  The  differ- 
ences found  bj  subtracting  the  numbers  in  the 
fourth  column  from  those  in  the  second  are  given 
in  the  fifth  column.  It  will  be  seen  therefore 
that  there  are  two  maxima  and  two  miniuia, 
which  are  so  nearW  equal  that  it  is  as  yet  im- 
possible to  say  whether  the  differences  are  real 
or  due  to  small  systematic  errors.  In  the  latter 
case,  the  period  should  be  divided  by  two,  and 
become  0".1295  =  3''  6'". 

It  will  be  seen  that  the  varintion  closely  re- 
the  conditions  di.<cussed  in  Circular  No.  58,  apply 
is  bright  enough  to  be   readily  observed  during  a 
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TABLE   III. 

LATER   OBSERVATIONS. 


large  part  of  the  time,  but  unfortunately  the  change  of  light  is  now  so  small  that  it  ^  '^ 
can  be  determinecl  only  by  observations  in  which  the  accidental  errors  are  extremely 
small.  In  fact,  the  observations  of  Iris  made  at  Potsdam  in  1884  (Publicationen, 
VIII,  294)  fail  to  show  this  variation,  either  because  the  range  was  then  too  small, 
the  period  was  tlien  different,  or  the  errors  of  observation  rendered  the  variation  im- 
perceptible. The  average  of  the  residuals  on  the  twenty-six  nights  of  observation 
was  ±0.073,  or  about  the  same  as  that  for  the  other  asteroids.  A  chano-e  in  the 
period  seems  improbable. 

The  observations  contained  in  Table  III  were  made  on  January  25,  1904,  after  the 
above  discussion  was  completed.  Iris  was  compared  with  +17°  1404,  and  the  Julian 
Day  and  fraction,  difference  in  magnitude,  and  phase,  are  given  in  the  successive 
columns.  It  will  be  seen  by  plotting  these  observa- 
tions, that  they  fall  almost  exactly  upon  a  smooth 
curve  and  that  the  phase  of  maximum,  0''.085,  agrees 
very  nearly  with  tiiat  derived  from  the  previous  ob- 
servations. A  change,  however,  appears  to  have  taken 
place  in  the  range  which  now  exceeds  three  tentlis  of 
a  magnitude,  or  an  increase  of  about  one  half  in  a  few 
days.  This  change  is  confirmed  by  the  last  ten  resi- 
duals in  the  last  column  of  Table  I,  which  indicate 
that  the  increase  in  range  occurred  between  J.  D. 
6487  and  J.  D.  6499.  The  change  in  the  range  of 
Eros  in  the  spring  of  1901  was  also  much  more  rapid 
than  might  have  been  expected  from  geometrical 
considerations.  The  range  on  March  12,  1901,  was 
found  to  be  about  1.0,  on  April  12,  1901,  0.4,  and 
on  May  6  and  7,  1901,  0.0,  magnitudes. 

Evidently,  this  object  should  be  watched  carefully.  It  is  now  favorabl}'  situated, 
as  it  is  approaching  its  second  stationary  point,  and  is  of  about  the  eighth  magni- 
tude. Iris  can  be  conveniently  compared  photometrically  with  the  stars  +17°  1339, 
-f  17'  1355,  +17"  1364,  and  +17  1391,  during  the  next  few  weeks,  and  it  is  hoped 
that  observers  elsewhere  will  connect  their  observations  with  these  stars  and  with  the 
comparison  stars  used  in  Tables  I  and  III,  so  that  all  may  be  reduced  to  one  system. 
Measures  of  the  absolute  magnitudes  of  these  stars  will  be  undertaken  here.  It  will 
be  noticed  that  observations  on  each  night  should  extend  over  at  least  three  hours. 
In  that  case,  a  maximum  and  minimum  will  always  be  included,  so  that  the  absolute 
magnitudes  of  the  comparison  stars  will  be  of  less  importance. 

EDWARD   C.   PICKERIXG. 
Januaky  -27,  lOOL 


J.  D. 

Diff. 

Ph. 

6505.539 

-0.52 

0.056 

"    .546 

-0.56 

0.063 

"    .562 

-0.59 

0.079 

"    .569 

-0.60 

0.086 

"    .585 

-0.58 

0.102 

"    .592 

-0.56 

0.109 

"    .610 

-0.44 

0.127 

"    .619 

-0.37 

0.136 

"    .636 

-0.28 

0.1.53 

"    .645 

-0.34 

0.162 

"    .656 

-0.38 

0.173 

"    .662 

-0.46 

0.179 

1 )  •=' 


Haryari)  College  obseryatory. 
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STARS  HAVING  PECULIAR  SPECTRA. 

Ax  examination  of  the  photographs  of  the  Henry  Draper  Memorial  has  led  to 
the  discovery  by  Mrs.  Fleming  of  a  number  of  variable  stars  and  objects  having 
peculiar  spectra,  in  addition  to  those  previously  published.  A  list  of  these  has  been 
compiled  by  Mrs.  Fleming,  and  is  given  in  the  table,  together  with  a  number  of 
other  variables  found  as  described  in  the  remarks  following  the  table.  The  con- 
stellation and  catalogue  designation  are  given  in  the  first  two  columns.  The 
approximate  right  ascension  and  declination  for  1900,  and  the  catalogue  magnitude, 
are  given  in  the  tliird,  fourth,  and  fifth  columns.  The  class  of  spectrum,  a  brief 
description  of  the  object,  and  the  name  of  the  discoverer,  are  given  in  the  sixth, 


Constellatiou. 

Designation. 

R.  A.  1900. 

Dec.  1900. 

Magn. 

Spectrum. 

Description. 

Dis.-ovcier. 

Taurus 

A.       m. 

5  46.9 

+  15 

57 

Variable. 

W.  p.  Fleming. 

Auriga 

+  4-2°    1571 

6  27.6 

+  42 

34 

9.3 

N. 

Variable. 

W.  P.  Fleming. 

Canis  Miuor 

7  42.8 

+    5 

44 

Variable. 

L.  D.  Wells. 

Vela 

-46°   3951 

8  11.7 

-46 

10 

7.1 

B3A 

Hy8  Bright. 

A.  J.  Cannon. 

Vela 

-48°  4658 

9  20.4 

-48 

26 

10.0 

Md. 

Variable. 

W.  P.  Fleming. 

Carina 

9  35.9 

-59 

38 

Br.  lines. 

Gaseous  Nebula. 

W.  P.  Fleming. 

Carina 

-57°  2781 

10     8.3 

-57 

33 

6.7 

B3  A 

H/8  Bright. 

W.  P.  Fleming. 

Carina 

10  82.8 

-70 

12 

Md. 

Variable. 

W.  P.  Fleming. 

Vela 

-47°   6614 

11     8.6 

-47 

40 

9.9 

Pec. 

Dark  bands. 

W.  P.  Fleming. 

Ursa  Major 

+  58°   1.346 

11  51.3 

+  58 

25 

7.5 

Md. 

Variable. 

E.  S.  King. 

Crux 

12  50.7 

-57 

21 

Pec. 

Variable. 

W.  P.  Fleming. 

Centaurus 

-56°   5650 

13     7.6 

-56 

26 

9.4 

Variable. 

S.  E.  Breslin. 

Virgo 

-18°  3640 

13  31.0 

-19 

5 

9.0 

Variable. 

W.  P.  Fleming. 

Ara 

-45°  11383 

17  11.6 

-45 

52 

10.0 

N. 

Variable. 

L.  D.  WeUs. 

Lyra 

+  28°  3055 

18  37.6 

+  28 

43 

9.3 

Mc. 

Variable. 

W.  P.  Fleming. 

Telescopium 

-50°12918 

20  12.9 

-50 

8 

10.0 

N. 

Variable. 

L.  D.  Wells. 

Capricornus 

-16°   5558 

20  13.3 

-16 

10 

8.0 

Mc. 

Variable. 

W.  P.  Fleming. 

Cygnus 

+  40°  4393 

20  58.9 

+  40 

54 

8.4 

Variable. 

J.  A.  Dunne. 

Indus 

-54°   9810 

21     3.1 

-54 

7 

10.0 

Pec. 

Dark  bauds. 

W.  P.  Fleming. 

Cepheus 

22  12.9 

+  55 

7 

Br.  lines. 

Type  V. 

W.  P.  Fleming. 

Lacerta 

.... 

22  19.9 

+  50 

28 

Br.  lines. 

Gaseous  Nebula. 

W.  P.  Fleming. 

Pegasus 

22  59.2 

+  14 

45 

Variable. 

E.  C.  Pickering. 
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seventh,  and  eighth  columns.  The  designations  for  stars  north  of  dedination  — 2.3° 
are  taken  from  the  Bonn  Durchmnsterung,  for  stars  between  declinations  — 23°  and 
— 52°  the  Cordoba  Durchmnsterung  is  used,  and  for  stars  south  of  declination  — 52° 
the  Cape  Photographic  Durchmnsterung  is  used.  Each  of  these  variables  has 
been  confirmed  independently  by  a  second  observer. 
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REMARKS. 


h. 


5  46.9.  Found  by  comparison  of  photographic  charts  while 
identifying  Anderson's  variable  star,  Z  Tauri.  Measures 
of  one  hundred  and  fifty-seven  plates,  taken  between 
December  16,  188.5  and  April  24,  1903,  show  a  varia- 
tion in  magnitude  from  11.7  to  14.5. 

7  42.8.     An  examination  of  twenty-two  plates,  taken  be- 

tween February  22,  1886.  and  February  19,  1903, 
shows  a  variation  of  about  half  a  magnitude  in  the 
preceding  and  northern  of  two  faint  adjacent  and 
nearly  equal  stars.  This  deviation  although  small 
seems  to  be  real,  as  sometimes  one  and  sometimes  the 
other  is  the  brighter  of  the  two  stars.  Their  distance 
apart  is  about  25". 

8  11.7.     Miss  Cannon  finds  tliat  the  line  H/3  is  bright  in  the 

spectrum  of  this  star,  and  suspects  that  this  line  is 
variable. 

9  20.4.     Spectrum  Type  III,  ha\-ing  also  the  lines  H5  and 

H7  bright. 
9  35.9.     A  verj'  faint  gaseous  nebula. 

10  32.8.     Spectrum  Type  III.  having  also  the  lines  H5  and 

H7  bright. 

11  8.6.     In  the  spectrum  of  tliis  star  a  strong  dark  band 

extends  from  about  X  465  to  471.  This  band  seems  to 
have  the  same  wave  length  as  the  strong  bright  band  in 
H.P.  1311,  and  similar  spectra  of  Type  V. 

11  51.3.     Found  from  peculiarity  of  its  spectrum  which  is 

of  Type  III  having  also  the  lines  H5  and  H7  bright. 
An  examination  of  twenty-two  plates,  taken  between 
November  9,  1897  and  March  13,  1904,  shows  a  varia- 
tion of  at  least  1.5  magnitudes. 

12  50.7.     In  the  spectrum  of  this  star  a  strong  dark  band 

extends  from  about  X465  to  471,  and  it  closely  resembles 
the  spectrum  of  —47°  6614,  except  that  the  lines  H7 


and   H/3  are  bright.     No  other  star  has,  so  far,  been 

found  showing  these  peculiarities  in  its  spectnim. 
13     7.6.     Found  from  photographic  charts,  while  measuring 

magnitudes  of —Centauri.  —56°  5632.    It  was  originally 

the  comjiarison  star  n  for  this  variable. 
13  31.0.     Found  by  comparison  of  photographic  charts  while 

looking  for  asteroid  found  on  Plate  A  3078,  taken  on 

June  8,  1898. 

17  11.6.     .\n  examination    of   nine   plates,    taken    between 

.Tune  24,  1893  and  .June  20,  1901,  shows  a  variation 
of  about  1.0  magnitude. 

18  37.6.     An  examination  of  eighteen  photographic  charts, 

taken  between  July  21,  1892  and  May  1,  1903,  shows 
a  variation  of  about  0.8  magnitude. 
20  12.9.     An   examination   of    ten    plates,   taken    between 
August  25,  1889  and  July  30,  1902,  shows  a  variation 
of  about  0.7  magnitude. 

20  58.9.     Found  in  1901,  by  Mr.  Dunne,  from  observations 

with  the  meridian  circle.  An  examination  of  nineteen 
pLates,  taken  between  November  6,  1889  and  July  12, 
1900,  shows  a  variation  of  about  1.0  magnitude. 

21  3.1.     The   spectrum  of   this    star  is  similar  to  that  of 

—  47°  6614,  magn.  9.9,  mentioned  above,  and  Z.  C. 
18*  1935,  magn.  9.  These  three  are  the  only  stars,  so 
far  known,  which  have  this  spectrum. 

22  19.9.     A  spectrum  plate,  taken  with  the  8-incli  Draper 

Telescope  on  December  18,  1903,  shows  the  spectrum 
of  this  faint  gaseous  nebula  superposed  on  that  of 
+  50°  3007,  magnitude  9.4.  which  is  of  Class  A. 
22  59.2.  Found  from  comparison  of  chart  plates.  Measures 
of  sixty-nine  plates,  taken  between  November  23,  1889 
and  January  19.  1901,  show  a  variation  in  magnitude 
from  8.8  to  12.2. 


In  a  photograph  taken  with  the  8-inch  Bache  Telescope  on  July  15,  1898,  tlie 
variable  star  RS  Ophiuchi  has  a  spectrum  of  the  third  type  in  which  tlie  lines 
H^,  He,  H8,  Hy,  and  H^S  are  bright,  the  estimated  relative  intensities  of  these 
lines  being  about  2,  1,  5,  10,  and  20,  respectively.  Two  bright  lines,  inten.sities 
7  and  14,  are  also  present.  Thej'  appear  to  coincide  with  the  bright  lines  in 
y  Velorum,  whose  wavelengths  are  4656  and  4691.  No  other  variable  star  having 
this  type  of  spectrum  has  hitherto  been  found. 


EDWARD   C.   PICKERING. 


March  21,   1904. 
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Hakyard  College  Observatory. 
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FIRST  SUPPLEMENT   TO   CATALOGUE   OF   VARIABLE   STARS. 

A  Provisional  Catalogue  of  Variable  Star.s,  based  on  material  published  before 
the  end  of  1902,  was  prepared  by  Miss  Cannon,  and  published  as  No.  Ill  of 
Volume  XLVIII  of  the  Annals  of  this  Observatory.  A  supplementary  Hst  of  stars 
announced  as  variable  during  the  publication  of  the  work  was  appended  on  page 
122.  The  bibliograpln'  on  which  this  work  was  based  is  kept  up  to  date  by  Miss 
Cannon,  and  she  has  prepared  a  list  of  the  variables  required  to  make  this  work 
complete  to  the  end  of  190.3.  This  hst  is  given  in  the  following  table  in  the  same 
form  as  the  Provisional  Catalogue. 


Des.           ProT.  Dcs.                   Name. 

DM. 

K.  A.  1900. 

Dec.  1900. 

Max. 

Min. 

Period. 

Epoch. 

Class. 

Sp. 

Date. 

Discoverer. 

001706     60.1903    -  Piscium 

43 

h.     m. 

0  17.2 

+    6     7 

d. 

S 

1903 

Kosz 

012288 

18.1903    -  Ursae  Minoris 

1  22.6 

+  88  46 

S 

1903 

Jost 

0122S3h 

23.1903 

—  Sculptoris 

22.6 

-33  25 

9.8 

11.0 

S 

1903 

de  Sitter 

013238 

11.1903 

RU  Andromedae 

32.8 

+  38  10 

9 

IS 

265? 

2415969 

II 

1903 

Williams 

021U3b  62.1903 

—  Andromedae 

462 

2  11.4 

+  43  51 

8.8 

9.9 

s 

1903 

Hagen 

021281 

15.1903 

Z  Cephei 

12.8 

+  81  13 

9.5 

<ig.5 

II 

1903 

L.  Ceraski 

022980 

56.1903 

RR  Cephei 

29.4 

+  80  42 

9 

<i5 

390? 

. 

II 

1903 

L.  Ceraski 

043274 

22.1903 

X  CamelopardaU 

4  32.6 

+  74  56 

9 

13 

152 

2416269 

II 

1903 

L.  Ceraski 

05270Jf 

32.1903 

—  Orionis 

5  27.0 

-   4  31 

U.0 

<15 

1903 

Wolf 

052705 

33.1903 

—  Orionis 

27.2 

-57 

11.3 

15.0 

1903 

Wolf 

0527072. 

34.1903   -Ononis 

27.3 

-    7  33 

13.3 

U.0 

1903 

Wolf 

052707h 

35.1903    -Ononis 

27.8 

-    7  39 

13.6 

<u 

1903 

Wolf 

052805  \  36.1903  ;  -  Ononis 

28.6 

-    5  16 

13.8 

15.0 

1903 

Wolf 

0o290.^a  37.1903 

—  Orionis 

29.0 

-   4  52 

13.0 

15.2 

1903 

Wolf 

05290Q 

38.1903 

—  Orionis 

29.4 

-    6  40 

13.0 

15.0 

1903 

Wolf 

052904h 

39.1903 

—  Orionis 

29.9 

-   4  44 

12.5 

U.0 

1903 

Wolf 

0o500oc!  40.1903 

—  Orionis 

30.0 

-    5  51 

12.5 

U.0 

1903 

Wolf 

05S005&\  41.1903    -  Orioiiis 

30.3 

-    5  50 

12.0 

14.5 

1903 

Wolf 

053004 

42.1903    -Ononis 

30.3 

-    4  50 

12.7 

<u 

1903 

Wolf 

05S005e 

43.1903  j-Orionis 

30.4 

-■5  39 

12.3 

<li 

1903 

Wolf 

053006h 

50.1903    -Ononis 

80.7 

-    6  49 

12.5 

<u 

s 

1903 

Wolf 

CIRCULAR   NO.    77. 


Des.           ProT.  Des. 

Name.                     DM. 

R.  A.  1900. 

Dec.  1900. 

Max. 

iliu.        Period. 

Epoch.        Class. 

Sp. 

Date. 

Discoverer. 

O0SIO4.     44.1903   -Ononis 

h.    m. 
5    31.0 

-   4  51 

12.8 

<15 

d 

1903 

Wolf 

OoSlOea.  45.1903   -Orionis 

31.0 

-    6  55 

12.5 

15.0 

1903 

Wolf 

05S106h  46.1903   -Orionis 

31.2 

-   6  46 

12.6 

<u 

1903 

Wolf 

05S20S 

51.1903   -Orionis 

32.3 

-    3  35 

13.0 

14.0 

S 

1903 

Wolf 

05SS07 

47.1903   -Orionis 

33.6 

-    7  19 

13.5 

15.0 

1903 

Wolf 

053404 

52.1903   -Orionis 

34.5 

-   4  57 

12.5 

13.2 

S 

1903 

Wolf 

053506 

53.1903   -Orionis 

35.7 

-    6  29 

13.2 

14.0 

s 

1903 

Wolf 

05S608a  48.1903   -Orionis 

36.0 

-89 

13.0 

15.0 

1903 

Wolf 

05360S\)  54.1903   -Orionis 

36.0 

-88 

12.8 

13.9 

s 

1903 

Wolf 

05S604 

49.1903   -Orionis 

36.6 

-   4  11 

9.8 

<15 

1903 

Wolf 

054615c 

.  .      :  -  Tauri 

46.8 

+  15  58 

1903 

Fleming 

061919 

7.1903   -Geminorum          1347 

6  19.8 

+  19  35 

s 

1903 

Graff 

063730     12.1903  XovaGeminomm       . . 

37.8 

+  30     3 

5.0 

? 

I 

Pec. 

1903 

Turner 

065530     14.1903    RS  Geminorum 

55.2 

+  30  40 

9.5 

11 

115? 

2416190 

II 

1903 

L.  Ceraski 

070122b     9.1903    Z  Geminorum          1579 

7     1.6 

+  22  41 

9.5 

12 

1903 

Graff 

071201     16.19(13    RR  ilouocerotis       .. 

12.4 

+    1  17 

9.S 

<15 

336? 

2416378 

II 

1903 

L.  Ceraski 

071531     13.1903    RR  Geminorum        .. 

15.2 

+  31     4 

10 

11.5 

0.3  + 

IV 

1903 

L.  Ceraski 

071725     24.1903   -  Cauis  Majoris 

4309 

17.3 

-25  16 

8.7 

10.2 

s 

1903 

de  Sitter 

072776     21.1903    Y  Camelopardali 

286 

27.6 

+  76  17 

9.5 

<n 

3.3  + 

V 

1903 

L.  Ceraski 

08213&     25.1903    -Puppis 

8  21.8 

-39  43 

s 

1903 

de  Sitter 

130756 

.  .        —  Centauri 

13     7.6 

-56  26 

1903 

Breslin 

133273 

57.1903    T  L'rsae  Minoris 

32.6 

+  73  56 

9 

<^1S 

323? 

II 

1903 

L.  Ceraski 

154748 

29.1903    STHerculis 

2334 

15  47.8 

+  48  47 

7.4 

8.1 

R 

Mc 

1903 

M.  and  K. 

162546 

26.1903   -Normae             '  10821  '  16  25.6 

-46  43 

8.8 

10.0 

s 

1903 

de  Sitter 

174422 

31.1903    SUHerculis              ..        17  44.7 

+  22  34 

10 

<i^ 

1903 

L.  Ceraski 

174824     27.1903    -  Sagittarii            13604          48.2 

-24  49 

9.3 

<10.6 

1903 

de  Sitter 

175724     30.1903   -Sagittarii               ..        17  57.2 

-24  30 

11.2 

13.8 

» • 

1903 

Wolf 

183728          .  .        -Lyrae                    3055 

18  37.6 

+  28  43 

. .     Mc 

1903 

Fleming 

183932     19.1903    RZ  Lvrae 

39.9 

+  32  42 

9.9 

11.2 

0.5  + 

2416266 

IV     .. 

1903 

Williams 

184134     17.1903    RY  Lyrae 

41.2 

+  34  34 

10 

12 

348? 

2415316 

II 

1903 

Williams 

185032  ;  10.1903    RX  Lyrae 

50.4 

+  32  42 

11 

<15 

250 

2416233 

II 

1903 

Seeliger 

191046     63.1903    -Lyrae 

19  10.4 

+  46  49 

9.2 

10.3 

1903 

Anderson 

192710     64.1903    -Aciuilae 

27.8 

+  10  19 

11.5 

15 

1903 

Wolf 

193007   ,65.1903    -  Acjuilae 

30.4 

+    72 

12.5 

14 

1903 

Wolf 

193312 

66.1903   -Aquilae 

33.2 

+  12  34 

13 

<M 

1903 

Wolf 

193412 

67.1903   -Aquilae 

34.0 

+  12     2 

11.0 

14.5 

1903 

Wolf 

193411 

68.1903    -Aquilae 

34.3 

+  11  43 

IS 

<u 

1903 

Wolf 

193607 

69.1903 

—  Aquilae 

36.4 

+    7  11 

11.5 

14 

1903 

Wolf 

193813 

70.1903 

—  Aquilae 

38.1 

+  13  20 

12.0 

14.5 

1903 

Wolf 

194008 

71.1903 

—  Aquilae 

40.4 

+    8  12 

11.0 

<15 

1903 

Wolf 

194110a 

72.1903 

—  Aquilae 

41.8 

+  10  32 

13.5 

<15 

1903 

Wolf 

194110b 

73.1903 

—  Aquilae 

41.9 

+  10  13 

14 

<15 

1903 

Wolf 

194207 

74.1903 

—  Aquilae 

42.4 

+    7  23 

11.5 

18.5 

1903 

Wolf 

194212 

75.1903 

—  Aquilae 

42.5 

+  12  14 

11.5 

<15 

1903 

Wolf 

194209 

76.1903 

—  Aquilae 

42.8 

+    9  42 

12.0 

<15 

1903 

Wolf 
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Des. 

Prov.  Des. 

Name. 

DM. 

K. 

i.  1900. 

Dec.  1900. 

Max. 

Min. 

Period. 

Epoch. 

Cliiss. 

Sp.       Date. 

Discoverer. 

194311 

77.1908 

—  Aquilae 

h. 

19 

43.7 

+  n  17 

10.0 

12.0 

d. 

.     1903 

Wolf 

194412 

78.1903 

—  Aquilae 

44.6 

+  12     7 

11.0 

13 

.     1908 

Wolf 

19461'2a 

79.1903 

—  Aquilae 

46.0 

+  12  84 

11.5 

U 

.     1908 

Wolf 

194612b 

80.1903 

—  Aquilae 

46.3 

+  12  58 

11 

<u 

.     1903 

Wolf 

194809 

81.1903 

—  Aquilae 

48.7 

+    97 

12 

u 

.     1903 

Wolf 

149910 

82.1903 

—  Aquilae 

49.0 

+  10  44 

12 

IS 

.     1903 

Wolf 

194909 

83.1908 

—  Aquilae 

49.1 

+    9  24 

11 

IS 

.     1903 

Wolf 

194907a 

84.1903 

—  A(iuilae 

49.4 

+    7  21 

11.5 

12.5 

.     1903 

Wolf 

194907b 

85.1903    -  Aquilae 

49.5 

+    7  45 

IS 

<u 

.     1903 

Wolf 

2011.34 

55.1903 

VW  Cygni 

3938 

20 

11.4 

+  34  12 

9.8 

11.8 

8.4  + 

2416348 

V 

.     1903 

Williams 

201316 

—  Capricorni 

13.3 

-16  10 

Mc  1  1903 

Fleming 

201437b 

59.1903 

—  Cygni 

3876 

14.8 

+  37     8 

II 

N     1903 

Wolf 

205839 

58.1903 

VX  Cygni 

4379 

58.6 

+  .39  48 

9 

10 

20 

2416364 

IV? 

.     1903 

Williams 

210039 

61.1903 

-  Cygni 

4423 

21 

0.4 

+  39  35 

8.8 

9.5 

7.8  + 

2416370 

IV 

.     1903 

Williams 

231110 

—  Pegasi 

5191 

23 

11.8 

+  10     4 

Mc    1903 

Fleming 

235^25 

28.1903 

-  Ceti 

54.5 

-25     0 

9.7 

<11.5 

s 

.     1903 

de  Sitter 

REMARKS. 


OOITOC.  Variability  suspected  because  the  star  is  now  much 
fainter  than  9.5,  which  is  the  magnitude  given  in  the 
Bonn  Durchmusterung. 

012288.  This  is  the  companion  to  Polaris.  See  .\stron. 
Nach.  162,  189. 

061919.  This  star  is  contained  in  the  Durchmusterung,  but 
was  missed  by  Graff.  An  investigation,  by  Deieh- 
miiller  and  Kreutz,  of  the  original  observations  made 
in  forming  the  Durchmusterung  proved  that  it  is  doubt- 
ful whether  this  star  ever  existed. 

070122b.  This  star  is  contained  in  the  Durchmusterung,  but 
was  missed  by  Hagen  when  preparing  the  chart  of 
R  Geminorum  for  the  Atlas  of  Variable  Stars.  It  was 
observed  at  Bonn  on  December  3,  1855,  as  magnitude 
9.5,  and  by  Kobold  on  March  22,  1895,  as  magnitude 
9.8.  It  appears  in  the  Catalog  der  Astronomischen 
Gesellschaft  X,  186,  as  2788a.  A  photograph  taken  at 
this  C>bservatory  on  April  5,  1895,   14  days  after  the 


observation  by  Kobold,  fails  to  show  any  object  brighter 
than  magnitude  11  at  or  near  the  position  of  the  Durch- 
musterung star. 
071531.     Period  9*.o.     Ceraski. 
071725.     C.  P. D.  -25° 2242. 
072776.     Period  3<'.3056.     Blajko. 
082139.     C.P.D. -39°237.S   and   2380.     It   appears   to   be 

uncertain  which  of  these  stars  is  variable. 
154748.     "Period  appears  to  be  several  months."     Miiller 

and  Kempf . 
162346.     C.P.D. -46°  80.56. 
C.P.D. -24°  6006. 
In  nebula  Messier  8.     N.G.C.  6523. 
Times  of  maximum,  .T.D.  2416266.5768  +  0''. 51 1284 


174S24. 
175724. 
183932. 
E. 
201134. 
210039. 


Times  of  maximum.  J.l).  241 6348. 5985 +  8''.4326  E. 
Times  of  maxiumm.  ,1.1).  2416370.88  +  7''.857  E. 


The  following  corrections  and  additions  should  be  made  to  Table  I, 
Catalogue  of  Variable  Stars,"  on  page  96  of  Volume  XLVIII. 


Provisional 


001032,     C.  DM.  -32°  69. 

004533.     Period,  340  days.    Epoch,  J.D.  2416164.    Hartwig. 

Class  II. 
005381.     For  period  2''.5  + ,  read  2''.4  + . 
021143.     Period  395  days.    Epoch,  J.D.  2415790.    Maximum 

magnitude,  6.5. 


Period  270  days.      Epoch,  .7.1).  2415806.     Innes. 

Class  II.     Discoverer,  (Cape). 
0S252S.     Period  95  days.     Class  II.     Discoverer,  (Cape). 
040725.     The  epoch  given  is  for  minimum.     For  maximum  it 

is  J.D.  2410290. 
054629.     Hartwig's  period,  givenin  the  Provisional  Catalogue, 


CIRCULAR   NO. 


is  too  long.  The  maximum  of  1901  occurred  on 
Februarj-  27,  according  to  the  Harvard  photographic 
obserrations,  whereas  the  elements  gave  a  date  78  days 
later.  The  maximum  due  on  February  9,  1904,  accord- 
ing to  the  elements  of  the  catalogue,  must  have  occurred 
much  earlier.  According  to  visual  observations  made 
at  this  Observatory,  the  variable  was  about  the  ninth 
magnitude  on  December  14,  1903,  and  was  invisible 
and  fainter  than  the  tenth  magnitude  on  January  25, 
1904.     Period.  323  days.     Epoch,  J. D.  2410377. 

035686.  Roberts'  elements,  given  in  the  catalogue,  are  not 
confirmed  by  the  Harvard  photographic  observations. 
The  period  is  much  longer  than  330  days.  The  formula 
as  determined  from  10  photographic  maxima  is  .J.D. 
2410356  +  408  E. 

060450.  Period.  161  days.  Graff.  Epoch  for  minima,  J.D. 
2416029. 

07317S.     Period,  393.5  days.    Epoch.  J.D.  2415042.     Innes. 

073520.     Y  Geminorum. 

082476.     Period,  335  days.     Epoch.  J.D.  2410238. 

083350.  Max.W.i.  Min.<i5.i.  Period,  251  days.  Epoch, 
J.D.  2412040.     Pickering. 

091868.  Max.  8.5.  Slin.  <_11.5.  Period,  322  days.  Epoch, 
J.D.  2410259.     Class  II. 


094953.     Period,  407  days.     Epoch,  J.D.  2415050.     Innes. 

122854.  Roberts'  period  of  216.8  days  appears  to  be  too 
short.  According  to  the  Harvard  photographic  observa- 
tions, the  period  is  220  days.     Epoch,  J.D.  2410211. 

140113.     Period,  280  days.     Epoch,  J.D.  2414378. 

153378.     Spectrum,  Md. 

155823.     Spectrum,  Ma. 

164844.     Period,  323  days.     Epoch,  J.D.  2410123. 

174135.  This  star  is  C.  P.  D.  —35°  7270,  and  is  not  in  the 
C.DM. 

175111.  RTOphiuchi.  Period,  400  days.  Epoch,  J.D. 
2415354.     Hartwig.     Class  II. 

175829.     For  Spectrum  G  5  K,  read  F  5  G. 

202539.     Spectrum,  Ma. 

202817.  Z  Delphini.  Period,  291  days.  Epoch,  J.D. 
2416137.     Hartwig. 

203611.  T  Delphini.  Max.  9.  Min.  <13.  Period  very- 
long,  17  to  19  months.     Hartwig. 

215934.  RTPegasi.  Min.  <13.  Period,  242  days.  Epoch, 
J.D.  2416318.     Hartwig. 

220412.     Spectrum,  Mb. 

235048.     R  S  Andromedae. 


The  following  corrections  and  additions  should  be  made  to  Table  IV,  '•  Supple- 
mentary List,"  on  page  122  of  Volume  XLVIII. 


054615.  RSTauri.  The  designation  should  be  054615b, 
and  the  designation  of  Z  Tauri  should  be  054615a. 
R  S  Tauri  is  probably  not  Class  II.  Very  little  varia- 
tion found  by  Miss  Leavitt  from  examination  of  the 
Harvard  photographs. 

055353.     Z  -Aurigae. 

092448.     Head  092048.     For  right  ascension,  read  9*  20'».4. 

093178.     Y  Draconis.     Period,  336  days.     Hartwig. 

093656.     W  Ursae  Majoris. 


103-270.     Period,  272  days.     Epoch,  J.D.  2410126. 

113972.     Z  Draconis.     A  visual  minimum,  magnitude  13.6, 

was  observed  by  Reed  at  the  Halsted  Observatory. 
161138.     W  Coronae  Borealis.     The  corrected   position  of 

this  star  for  1900  is  R.A.  =  16*  11'».8,  Dec.  =  +  38°  3'. 
184243.     RWLyrae.    Period  long.    Williams.    Period  about 

17  months.     Hartwig. 
201520.     V  Sagittae.     Period  irregular. 
210245.     VVCygni. 


In  the  remarks  following  Table  I,  beginning  on  page  110.  the  numbers  of  observa- 
tions by  L.  Campbell  of  045443,  060822,  and  214058,  are  incorrectly  described.  It 
should  have  been  stated  that  he  obtained  26  observations  extending  over  400  nights, 
46  observations  extending  over  200  nights,  and  19  observations  extending  over  500 
nights,  of  these  three  stars  respectively.  On  the  sixth  line  of  page  113,  for  C.DM., 
read  DM. 

EDWARD    C.   PICKERING. 


March  22,  1904. 


Harvard  College  Observatory. 
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VARIABLE   STARS  IN  THE   NEBULA   OF   ORION. 

The  Great  Nebula  of  Orion  has  been  the  subject  of  careful  study  by  astronomers 
for  many  years.  Volume  V  of  the  Annals  of  the  Harvard  Observatoi'y  contains  an 
elaborate  discussion  of  this  nebula,  by  Professor  Bond,  including  a  comparison  of 
the  material  previously  collected.  Many  stars  in  it  have  been  announced  as 
variable,  but  strangely  enough  the  changes  in  only  one  of  them,  T  Orionis,  have 
been  generally  admitted.  In  1901,  and  again  in  1903,  Professor  Wolf  of  Heidelbero- 
compared  several  of  his  photographs  by  means  of  stereo-comparators  and  announced 
a  number  of  variables  in  this  part  of  the  sky.  They  do  not  appear  to  have  been 
confirmed  by  other  observers,  and  final  designations  have  not  yet  been  assigned 
to  them.  The  faintness  of  many  of  these  stars  even  at  maximum  renders  it  probable 
that  comparatively  few  photographs  exist  on  which  they  can  be  followed.  A  grant 
made  by  the  Carnegie  Institution  for  190.3,  permitted  a  large  amount  of  work  of 
this  kind  to  be  undertaken  here,  and  furnished  a  corps  of  eight  observers  for  the 
study  of  the  Harvard  photographs.  The  failure  to  continue  this  grant  for  190-4 
rendered  it  necessary  to  disband  this  corps,  and  since  December,  1903,  similar  work 
has  been  carried  on,  at  the  expense  of  the  Observatory,  by  only  one  observer, 
Miss  Henrietta  S.  Leavitt.  A  number  of  photographs  of  the  Nebula  of  Orion, 
having  long  exposures,  are  contained  in  the  Harvard  collection,  and  a  careful 
examination  of  them  has  been  made  by  Miss  Leavitt.  Besides  confirming  sixteen 
of  Wolf's  variables,  she  has  fovnid  many  new  ones,  which  renders  it  probable 
that  nebulae  as  well  as  clusters  may  furnish  fruitful  fields  for  the  discovery  of 
such  objects.  Three  plates  taken  with  the  13-inch  Boyden  Telescope  were  examined, 
the  first  made  on  September  15,  1893,  exposure  180'",  the  second  on  September  17 
and  18,  1893,  exposiu-e  480'",  and  the  third  on  December  5,  1893,  exposure  loT". 
Plates  taken  with  the  24-inch  Bruce  Telescope,  on  January  8,  1894,  exposure  60'", 
January  25,  1894,  exposure  60'",  January  27,  1895,  exposure  180'",  October  6,  1896, 
exposure  180'%  November  9, 1896,  exposure  123'",  November  10,  1896,  exposure  265'", 
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December  17,  1898,  exposure  60'",  December  3-,  1901,  exposure  60"",  and  December 
4,  1901,  exposure  420'",  were  also  used.  For  stars  which,  on  plates  having  long 
exposures,  are  deeplv  involved  in  nebulosity,  an  examination  was  also  made  of 
plates  taken  with  the  13-inch  Boydeu  telescope  on  September  12,  1893,  exposure 
10'",  and  on  March  13,  1896,  exposure  10'",  and  of  plates  taken  with  the  24-inch 
Bruce  Telescope  on  November  30.  1893.  exposure  61'",  December  27,  1893,  expo- 
sure 60'",  January  1,  1894,  exposure  11'".  January  1,  1894,  exposure  60'",  October 
29,  1897,  exposure  10'",  and  December  8,  1898,  exposure  10'".  Some  excellent 
photographs  tiiken  with  the  8-inch  Bache  Telescope  in  1888  (Annals  XVIII.  114) 
can  be  used  only  for  the  brighter  variables.  So  far  as  possible,  the  map  and 
catalogue  of  Bond  (Annals  V)  were  used  to  locate  these  stars,  and  their  positions 
were  derived  bv  adding  the  co-ordinates  given  b}-  Bond  to  those  of  d'  Orionis, 
whose  position  for  1900  is  assumed  to  be  R.A.  =  5"  30'"  21'.3,  Dec.  =  —  5°  27'.3. 
Estimates  were  made  of  the  positions  of  stars  not  in  this  catalogue,  and  are 
triven  to  seconds  of  time  in  right  ascension,  and  to  tenths  of  a  minute  of  arc  in 
declination. 

A  provisional  scale  of  magnitudes  was  used  which  is  fairly  comparable  with  that 
of  Wolf.  On  this  scale,  the  faintest  stairs  seen  on  Plate  26  of  Roberts'  Photographs 
of  Stars,  Star  Clusters  and  Nebulae,  have  the  magnitude  14.8.  The  original  negative 
was  taken  with  his  20-inch  reflector  on  January  1-3.  1896,  and  had  an  exposure  of 
90  minutes.  The  faintest  stars  shown  in  Plate  XXIII  of  Volume  VIII  of  the 
Decennial  Pul)lications  of  the  University  of  Chicago  have  the  magnitude  15.5.  The 
original  negative  was  taken  with  the  24-inch  reflector  on  October  19,  1901,  and  had 
an  exposure  of  60  minutes. 

A  list  of  the  stars  certainly  variable  is  given  in  Table  1.  Tliuse  found  by  Wolf 
have  been  confirmed  by  Miss  Leavitt.  Those  found  by  Miss  Leavitt  have  been 
examined  bv  Mrs.  Fleming,  oil  several  plates,  and  the  variability  in  each  case 
confirmed.  Although  the  changes  in  some  of  these  stars  are  small,  they  seem  to 
be  real  since,  owing  to  their  faintness,  good  comparison  stars  can  be  found  near 
them.  A  number  for  reference,  the  provisional  designation  given  to  Wolf's  stars 
in  the  Astron.  Nach.  163,  161.  the  number  in  the  catiilogue  of  Bond,  the  right 
ascension  for  1900.  and  the  declination  for  1900,  are  given  in  the  first  five 
colunnis.  The  brightest  and  faintest  magnitudes  on  the  Harvard  and  Heidelberg 
photographs  are  given  in  the  next  four  columns. 
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TABLE    I. 

STARS    CERTAIXLY    VARIABLE. 


sp-^- 


llai 

v;uil. 

Heidelberg. 

Xo. 

DftrignatioD. 

Bond  Xo. 

R.  A. 

900. 

Dec 

19U0. 

Br. 

Ft. 

Br. 

Ft. 

1 

A.       m. 

5     27 

53. 

-5 

44.0 

14.1 

<15.5 

2 

28 

27. 

-5 

26.1 

14.5 

<15.1 

3 

36 

1903 

28 

87. 

-5 

16.1 

14.4 

14.9 

13.8 

15.0 

4 

28 

87. 

-4 

47.6 

14.0 

15.0 

5 

173 

28 

37.0 

-4 

48.2 

13.9 

14.6 

6 

28 

40. 

-5 

5.7 

13.3 

14.6 

7 

28 

47. 

-6 

22.8 

12.5 

<15.5 

s 

28 

54. 

-6 

44.3 

13.2 

15.5 

9 

28 

59. 

-5 

45.8 

13.2 

14.1 

10 

37 

1903 

29 

0. 

-4 

52.0 

13.8 

15.2 

13.0 

15.2 

11 

29 

5. 

-6 

40.3 

13.7 

<15.5 

1-2 

276 

29 

8.7 

-5 

41.1 

12.9 

14.0 

13 

288 

29 

12.2 

-5 

17.8 

12.9 

14.2 

U 

29 

15. 

-4 

54.1 

14.5 

15.2 

15 

29 

21. 

-5 

8.6 

14.3 

<15.0 

16 

38 

1903 

29 

24. 

-6 

40.0 

11.4 

14.1 

13.0 

15.0 

17 

29 

29. 

-5 

85.0 

13.5 

14.8 

18 

29 

31. 

-4 

49.5 

14.9 

15.5 

19 

417 

29 

4^2.8 

-6 

9.6 

13.4 

14.5 

.. 

•20 

419 

29 

43.0 

-5 

39.0 

14.1 

14.6 

•21 

435 

29 

46.0 

-5 

26.8 

12.1 

1-2.7 

•22 

29 

47. 

-5 

50.1 

14.2 

15.5 

•23 

29 

49. 

-5 

14.8 

14.2 

15.5 

24 

481 

29 

54.8 

-6 

2.0 

11.8 

12.8 

25 

39 

1903 

484 

29 

55.1 

-4 

44.2 

14.0 

14.6 

1-2.5 

14.0 

26 

40 

1903 

509 

30 

1.6 

-5 

50.6 

13.2 

1.3.9 

■    12.5 

14.0 

27 

511 

30 

2.1 

-5 

45.7 

13.4 

14.0 

28 

30 

2.5 

-6 

27.9 

18.1 

14.0 

29 

520 

30 

4.3 

-5 

58.6 

14.1 

14.9 

30 

30 

5. 

-4 

54.8 

12.7 

1.3.1 

31 

30 

1-2. 

-5 

40.3 

12.9 

14.7 

32 

561 

30 

12.2 

-4 

31.7 

12.2 

14.6 

33 

80 

13. 

-5 

41.1 

14.1 

15.0 

34 

41. 

1903 

582 

30 

16.3 

-5 

50.5 

12.1 

13.0 

12.0 

14.5 

35 

42. 

1903 

596 

30 

18.2 

-4 

49.7 

13.0 

13.7 

12.7 

<14 

36 

606 

30 

19.5 

-5 

47.2 

1'2.7 

13.7 

37 

620 

30 

20.7 

-5 

43.2 

12.7 

13.1 

38 

30 

21. 

-5 

.56.1 

13.8 

14.6 

39 

80 

24. 

-4 

57.8 

14.2 

14.9 

. 

40 

668 

80 

25.5 

-4 

46.2 

12.4 

13.0 

41 

43.1903 

680 

30 

26.8 

-5 

38.6 

12.9 

14.0 

1-2.3 

<14 
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Ihu 

Tard. 

Ileidclbei-g.              1 

No. 

Designation. 

Bond  No. 

R.  A. 

Dec 

Br. 

Ft. 

Br. 

Ft. 

h.       m. 

«. 

o 

, 

42 

695 

30 

30.1 

-5 

13.7 

11.1 

12.5 

43 

703 

30 

31.0 

-5 

15.0 

11.8 

13.2 

44 

709 

30 

31.5 

-5 

29.6 

10.7 

11.3 

45 

30 

34. 

-4 

59.1 

13.2 

14.3 

46 

83.1901 

756 

30 

40.0 

-5 

5.1 

11.6 

14.2 

11.8 

13.2 

47 

50.1903 

758 

30 

40.1 

-6 

49.2 

13.4 

14.6 

12.5 

<1^ 

48 

759 

30 

40.3 

-5 

25.5 

13.0 

13.6 

49 

•784 

30 

47.2 

-5 

32.1 

10.3 

11.0 

50 

788 

30 

47.3 

-5 

9.7 

14.0 

<15.2 

51 

30 

52. 

-5 

5.1 

14.4 

15.0 

52 

817 

30 

54.0 

-5 

53.5 

14.1 

14.8 

53 

822 

30 

55.6 

-5 

32.4 

54 

44.1903 

30 

57. 

-4 

51.1 

13.3 

<15.0 

12.8 

<15 

55 

838 

30 

58.1 

-5 

8.0 

12.3 

13.3 

56 

31 

0. 

-6 

25.5 

14.1 

14.7 

57 

45.1903 

31 

1. 

-6 

54.8 

14.5 

15.4 

12.5 

15.0 

58 

31 

9. 

-4 

45.5 

14.0 

14.8 

59 

46.1903 

877 

31 

9.2 

-6 

46.5 

13.0 

14.9 

12.6 

<14 

60 

885 

31 

13.8 

-6 

18.2 

12.8 

13.9 

61 

31 

16. 

-6 

52.0 

14.4 

<15.4 

62 

31 

18. 

-6 

33.3 

13.7 

<15.0 

63 

85.1901 

908 

31 

21.4 

-5 

15.4 

11.5 

12.1 

11.8 

<14 

64 

31 

28. 

-6 

21.5 

13.0 

14.5 

65 

951. 

31 

42.7 

-5 

29.9 

13.5 

14.6 

66 

31 

46. 

-6 

23.1 

12.1 

13.3 

67 

1009 

32 

8.8 

-6 

37.1 

11.5 

<14.8 

68 

33 

3. 

-7 

1.2 

13.7 

14.4 

69 

86.1901 

34 

46.1 

-3 

28.6 

13.5 

14.4 

11.7 

13.0 

70 

35 

13. 

-6 

18.9 

12.2 

13.2 

71 

49.1903 

36 

36.0 

-4 

11.3 

10.5 

<14.8 

9.8 

<15 

REMARKS. 


5.  Although  the  observed  range  is  small,  the  variation  is 

very  clearly  marked. 
ij>.  The  variation  of  these  adjacent  stars  is  marked. 

6.  Period  apparently  short. 

12.  Period  apparently  short. 

13.  Period  apparently  short. 

18.    This  star,  although  faint,  gives  distiiKl  images  on  the 

plates,  and  the  variation  is  well  defined . 
20.    The  variation  of  this  star,  though  small,  is  well  shown 

by  a  comparison  with  three  neighboring  stars  of  about 

magnitude  14. .5. 
28.    Bond  528  and  Bond  537,  the  stars  nearest  this  position, 

are  wrongly  charted  on  Bond's  map.     The  position  has, 

therefore,  been  determined  independently. 


The  variation  is  obvious  when  different  photographs  are 
compared,  but  the  strong  nebulosity  in  the  region  of 
this  star  makes  measurements  of  the  magnitudes 
difficult. 

The  variation  is  small  but  readily  observed,  as  the  vari- 
able is  sometimes  brighter  and  sometimes  fainter  than 
Bond  fi05  which  precedes  it  1''.2,  and  is  in  the  same 
declination. 

This  star  was  suspected  of  variability  by  Holden. 

Wolf  announced  this  star  as  probably  variable. 

This  star  was  suspected  of  varialnlity  by  Schmidt. 

Although  this  is  a  faint  variable  it  is  easily  observed. 
.\  star  of  about  the  fifteenth  magnitude  follows  and  is 
slightly  south  of  it. 
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53.   T  Ononis.     TMs  star  was  not  measured,  Imt  the  varia- 
tion is  obyious,  on  the  plates  examined. 

63.  No  marked  variation  vrks  found  in  tliis  star,  whicli  was 

observed  mth  some  difficulty. 

64.  This  star  is  on  Bond's  chart,  but  not  in  the  catalogue. 


-i   -^n 


66.   This  star  is  on  Bond's  chart,  but  not  in  the  catalogue. 
68.    This    star    precedes   the    position    given    by    Wolf  of 

47,1903,  35'  and  is  north  of  it  18'. 
70.   This    star    precedes    the   position    given    by    Wolf  of 

.53,1903,  26»,  and  is  north  of  it  10'. 


A  list  of  stars  suspected  of  variability  is  given  in  Table  II,  in  the  same  form  as 
Table  I  omitting  the  last  four  columns.  All  of  Wolf's  stars  may  prove  to  be 
variable,  but  some  are  included  in  Table  II  since  they  have  not  yet  been  confirmed 
here. 

TABLE    II. 
SUSPECTED    VARI.\BLES. 


So. 

Designation. 

Bond 
Xo. 

R.  A. 

1900. 

Dei 

1900. 

No. 

Design;.lion.   ^"''      R.  A. 

1900. 

Dec 

.  lOOO. 

1 

80.1901 

A.  m. 

5  24 

47.0 

-8° 

5.2 

19 

A.  m. 

5  30 

sV 

-4 

52.8 

2 

82.1903 

26 

59.2 

-4 

31.4 

20 

801 

30 

51.0 

-5 

32.0 

3 

33 

1903 

27 

13.6 

-5 

7.1 

21 

833 

30 

57.3 

-5 

55.6 

4 

34 

1903 

27 

16.6 

—  7 

32.8 

22 

30 

59. 

-5 

30.3 

5 

35 

1903 

27 

54.0 

-7 

38.8 

23 

84.1901 

31 

0.4 

-5 

0.8 

6 

216 

28 

50.5 

-5 

35.3 

24 

31 

5. 

-6 

1.3 

7 

81 

1901 

28 

54.0 

-4 

42.8 

25 

31 

37. 

-5 

20.8 

8 

29 

15. 

-5 

36.3 

26 

51.1903 

32 

18.4 

-3 

35.2 

9 

361 

29 

29.1 

-5 

1.1 

27 

33 

3. 

-4 

16.8 

10 

492 

29 

56.8 

—  5 

7.5 

28 

47.1903 

33 

38.4 

—  7 

19.2 

11 

30 

0. 

-6 

33.5 

29 

52.1903 

34 

31.9 

-4 

57.4 

12 

524 

30 

5.2 

-5 

27.0 

30 

87.1901 

35 

10.1 

-5 

24.4 

13 

527 

30 

5.6 

-5 

48.5 

31 

53.1903 

35 

39.4 

-6 

29.0 

14 

558 

30 

10.7 

-5 

29.3 

32 

48.1903  I  . 

35 

57.8 

-8 

8.5 

15 

30 

14. 

-5 

35.5 

33 

54.1903  1  . 

35 

57.9 

-8 

7.7 

16 

30 

17. 

-5 

34.5 

34 

88.1901 

42 

27.9 

-6 

14.8 

17 

30 

25. 

-5 

35.3 

35 

89.1901 

43 

16.1 

—  5 

43.6 

18 

82 

1901 

30 

36.8 

-6 

7.1 

K  E  M  A  R  K  S. 


The  region  is  on  the  extreme  edge  of  the  plates  examined. 

No  variation  was  detected  in  any  star  near  the  position 

announced . 
Xo    star   near   this    position   was    found   to   vary   with 

(certainty.     A  fourteenth  magnitude  star  was  suspected 

of   being   unduly    faint  on  January   8,    1894,   and   on 

.January  27.  1895. 
No  variation  could  be  found  in  any  star  near  this  position. 

Probably  the  variable  remains  faint  during  the  greater 

part  of  the  time,  as  it  was  seen  bright  on  only  one  of 

the  Heidelberg  plates. 
A  star  of  about  the  magnitude  14.5  in  tliis  position  appears 


to  fluctuate  sliglitly  in  brightness,  but  no  conclusive 
evidence  of  variation  lias  been  found. 

No  variation  was  found  in  any  star  near  tliis  position. 

.\ssumed  to  be  Bond  223.  On  the  plates  examined  the 
star  is  always  of  about  the  magnitude  13.5.  No  star 
near  this  position  has  been  found^o  show  variation. 

This  star  is  in  a  strongly  nebulous  region  and  the  varia- 
tion is  possibly  only  apparent. 

The  star  nearest  the  position  is  Bond  745.  which  does  not 
show  variation  on  the  plates  examined.  On  each  of 
them  it  is  of  about  the  magnitude  13.5. 

Bond  considered  tliis  star  to  be  variable.    There  appears 
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to  be   some  fluctaation   in   light,   bat  on  the  plates 

examined,  the  evidence  of  variability  is  not  conclusive. 
23.   Bond  844  is  in  the  position  given.     On  all  the  plates 

examined,  the  light  remains  at  about  the  magnitude 

13.7. 
2(;.    Xo  variation  was   found  in   an.v  star  near  the  position 

given. 

28.  A  star  near  this  position  appeared  to  be  nearly  half  a 

magnitude  fainter  than  usual  on  December  17,  1898. 
The  images  of  stars  in  die  vicinity  are  poor,  however, 
and  tlie  eridence  of  variation  does  not  appear  to  be 
conclusive.     See  remark  on  number  68  in  Table  I. 

29.  The  star  nearest  the  position  given  shows  some  evidence 

of  variation.  On  the  best  plates,  the  brightness  appears 
to  be  constant.  On  January  8,  1894  and  January  27, 
1895,  the  star  appears  nearly  half  a  magnitude  fainter 
than  usual,  but  the  images  are  poor  in  each  case. 

30.  Of  the  two  stars  near  this  position,  the  southern  always 

ajipears  about  two  tenths  of  a  magnitude  the  brighter, 


except  on  the  plates  taken  November  9,  1896  and 
December  3,  1901.  On  these  plates  the  two  stars 
appear  equal. 

No  star  near  the  position  given  shows  variation  on  the 
plates  examined.     See  remark  on  No.  70  in  Table  I. 

The  region  is  covered  by  only  three  of  the  plates 
examined,  and  on  them  the  star  is  too  near  the  edge  for 
accurate  observation.  The  northern  of  two  faint  stars 
near  this  position  was  suspected  of  being  half  a  magni- 
tude brighter  on  November  10,  1896  than  on  November 
9,  1896.  The  two  stars  are  doubtless  Wolf's  48,1903 
and  54,1903. 

See  remark  on  number  32. 

The  region  is  on  the  edge  of  the  plates  examined.  Xo 
star  could  be  found  showing  the  progressive  diminution 
of  light  announced  by  Wolf. 

The  region  is  on  the  extreme  edge  of  the  plates 
examined.  No  star  near  the  position  was  found  to 
show  variation. 


The  region  covered  in  this  examination  was  that  of  Bond's  map.  which  extends 
between  the  limits  preceding  and  following  d'  Orionis  by  2™  42*,  and  from  87'  north 
of  this  star  to  Ql'.o  south  of  it.  The  corresponding  limits  for  lOOO  are  R.A.,  o''  27"'.7 
to  5''33'".1,  Dec,  —  4°0'  to  —6°  59'.  The  area  of  this  region  is  14,458  square 
minutes  of  arc,  and  the  number  of  stars  examined  about  o,()0U.  A  small  region 
near  the  announced  position  of  each  of  Wolf's  variables,  situated  beyond  the  limits 
of  the  map,  was  also  examined. 

The  distribution  of  the  vai'iables  contained  in  Table  I  emphasizes  their  close 
connection  with  the  Nebula.  They  are  found  principally  in  a  narrow  region  on 
each  side  of  a  line  e.Ktending  southward  from  c  Orionis  through  0  and  t,  and 
beyond.  North  of  declination  —4°  44'  only  one  variable  was  found  out  of  about 
900  stars  examined.  Within  the  limits  of  the  remainder  of  Bond's  map.  out  of 
550  stai-s  examined,  only  one  variable  has  been  found  preceding  R.  A.  5''  28'".4, 
and  out  of  450  stars  examined,  only  one  variable  has  been  found  folloAving 
R.  A.  5'' 31'". 8.  The  areas  of  these  three  regions  are  3524,  1417,  and  2632  square 
minutes  of  arc,  respectively.  In  the  remaining  region,  covering  6885  square 
minutes,  out  of  about  1100  stars  examined,  65  have  been  found  to  be  certainly 
variable,  and  20  more  are  probably  variable.  A  suspicion  is  also  attached  to  several 
other  stars  not  here  announced. 

It  is  not  improbable  that  other  variables  may  be  discovered  when  more  photo- 
graphs become  available  for  compai'ison,  as  many  of  those  found  appear  to  be  of 
the  same  class  as  the  variables  in  globular  clusters,  which  remain  at  their  minimum 
magnitude  during  a  large  part  of  the  time.  Those  of  Wolf's  variables  which  were 
not  confirmed   upon  the  Harvard  plates  may  belong  to  this  class. 


EDWARD    C.    PICKERING. 
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SEVENTY-SIX    NEW    VARIABLE    STARS. 

Since  the  publication  of  Circular  No.  78.  in  which  was  given  a  Ust  of  71  variable 
stars  in  the  Great  Nebula  of  Orion,  a  further  examination  of  the  region  has  been 
made  by  Miss  Leavitt.  The  plates  mentioned  in  the  former  circular  were  super- 
posed successively  upon  a  glass  positive  made  from  one  of  them.  In  this  way, 
all  the  variables  which  show  striking  changes  and  are  comparatively  bright  were 
re-discovered,  and  eight  new  ones  w^ere  found.  Six  of  them  ai*e  outside  of  Bond's 
map,  which  was  the  region  covered  in  the  previous  investigation.  Additional  plates 
have  been  examined  for  those  of  Wolf's  variables  which  were  not  confirmed,  with 
the  result  that  48,1903  has  been  found  to  be  certainly  variable.  On  October  26, 
1897,  its  magnitude  was  14.8,  and  on  March  3,  1904,  it  was  13.7.  No  variation  was 
found  in  the  star  north  of  it,  54,1903.  The  star  8,1904  does  not  show  variation 
on  the  Harvard  photographs,  being  always  fainter  than  the  fifteenth  magnitude. 
Marked  variation,  however,  has  been  found  in  11,1904,  Avhose  magnitude  was  14.9 
on  January  8,  1894,  and  11.4  on  January  22,  1897. 

An  examination  has  been  made  of  the  stars  near  the  Trapezium,  which  have 
been  suspected  of  variability  by  Bond  and  other  observers,  especially  Nos.  575,  589, 
622,  641,  647,  654,  671,  and  676  in  Bond's  Catalogue.  On  a  few  plates  having  short 
exposures,  these  stars  can  be  seen,  and  show  apparent  fluctuations  in  brightness. 
It  is  probable  that  ph.otographs  taken  with  a  telescope  of  great  focal  length,  would 
settle  this  question. 

The  positions  given  by  Wolf,  of  the  variables  discovered  by  him,  agree  very 
closely  with  those  found  from  the  measures  of  Bond.  In  four  cases,  Nos.  25,  26, 
35,  and  53,  in  Table  I  of  Circular  No.  78,  the  positions  differ  by  an  appreciable 
amount.  Plates  taken  on  January  25,  1894,  and  on  December  3,  1901,  were 
superposed  and  examined  carefully,  but  no  evidence  was  found  of  proper  motion 
during  the  interval.  The  right  ascension  of  No.  5,  given  as  5''  27'"  54^.0  in 
Table  II,  should  read  5"  27™  45^0. 

A  cursory  examination  of  the  vicinity  of  tj  Carinae  has  been  made  on  six  plates 
by  the  method  described  above.     Ten  new  variables  were  found,  besides  the  known 


2  CIRCULAR    NO.    7!). 

vai'iable,  U  Carinae.  None  of  these  are  in  the  nebula.  A  similar  examination  of 
the  Small  Magellanic  Cloud  resulted  in  the  discovery  of  57  new  variable.s,  including 

3  in  the  cluster  47  Tucanae,  which  appears  on  the  same  plates.  These  variables  may 
be  only  a  small  portion  of  those  actually  existing  in  this  region,  as  nearly-  all  of 
them  were  found  in  a  comparison  of  two  plates.  The  known  variable,  005475,  in 
the  ProAdsional  Catalogue,  Annals,  XLVIII,  No.  3,  and  six  of  the  eight  known 
variables  in  the  cluster  47  Tucanae,  were  also  found.  A  pro^dsional  scale  of  magni- 
tudes has  been  adopted,  as  absolute  magnitudes  of  the  faint  stars  have  not  yet 
been  determined. 

A  careful  examination  has  been  made  of  the  Trifid  Nebula.  In  the  region 
30'  square,  whose  Umits  in  1900  extend  from  right  ascension  17''  55"*. 2  to  17''  o7"'.4, 
and  from  decHnation  — 22°  47'  to — 23°  17',  1167  star  images  have  been  examined 
on  two  plates  and  no  variable  found.  A  similar  examination  of  N.G.C.  2070,  the 
Looped  Nebula  in  the  Large  Magellanic  Cloud,  covered  the  region  whose  Umits 
in  1900  extend  from  right  ascension  5''  37'". 6  to  5''  41"'. 2,  and  from  declination 
—  69°  0'  to  —69°  20'.  Out  of  867  star  images  examined,  two  are  suspected  of 
slight  variability. 


TABLE   I. 
VARIABLE    STARS   IX   ORION   AND   CARINA. 


Xo. 

K 

A.  1900. 

Dc. 

1900. 

Br. 

Ft. 

No. 

R. 

\.  1900. 

Dec. 

1900. 

Br. 

Ft. 

1 

h. 

5 

24 

1 

° 

-6 

11.3 

11.6 

<15.4 

10 

h. 

10 

16.8 

-60 

5'7 

10.0 

11.5 

2 

5 

25 

13 

-4 

3.3.9 

12.4 

13.1 

11 

10 

20.9 

-60 

24 

10.2 

12.2 

3 

5 

27 

5 

-5 

0.7 

10.0 

11.0 

12 

10 

34.6 

-58 

41 

11.4 

13.0 

4 

5 

27 

8 

_  2 

53.7 

9.0 

11.4 

13 

10 

34.7 

-60 

16 

13.4 

<15.1 

5 

5 

30 

25 

-5 

24.8 

11.4 

12.5 

14 

10 

36.4 

-57 

25 

11.1 

12.8 

6 

5 

30 

33 

-6 

51.7 

12.8 

13.5 

15 

10 

47.0 

-59 

49 

13.1 

<15.1 

7 

5 

32 

22 

-6 

38.6 

8.0 

10.2 

16 

10 

49.9 

-57 

59 

12.6 

14.9 

8 

5 

33 

32 

—  2 

48.0 

11.6 

13.2 

17 

10 

50.2 

-57 

52 

13.7 

<15.1 

9 

5 

33 

34 

-2 

47.5 

11.4 

14.2 

18 
19 

10 

10 

50.4 
51.3 

-58 
-60 

15 
24 

13.4 
9.2 

14.5 

10.2 

REMARKS. 


2.   This  is  the  following  of  two  stars  which  are  usually  of 
about  the  same  magnitude. 

5.  This  star  is  Bond  6G2. 

6.  This  star  is  Bond  726. 

7.  This  star  is  —7°  1132,  and  Bond  1036. 

8.  9.   Apparently  these  two  adjacent  stars  vary  alternately. 


On  the  plates  examined,  one  is  always  bright  wlien  the 
other  is  faint. 

10,  11.  These  stars  are  near  the  edge  of  the  plates  examined, 
and  estimates  of  their  brightness  were  made  with  diffi- 
culty. 

10.  This  star  is  C.P.P.  -  60°238fi.  Variability  discovered 
bv  Professor  E.  C.  Pickering. 


CIRCITLAR   NO.    79. 


The  new  variables  in  Orion  and  Carina  are  given  in  Table  I.  A  number  for 
reference,  the  right  ascension  and  declination  for  1900,  and  the  brightest  and 
faintest  magnitudes  observed  on  the  plates,  are  given  in  the  successive  columns. 

In  Table  II,  the  new  variables  in  the  Small  Magellanic  Cloud  are  given  in  the 
same  form  as  Table  I. 

TABLE   II. 

VARIABLE   STARS   IN   THE   REGION   OF   THE   SMALL   MAGELLANIC   CLOUD. 


T> 


No. 

R. 

A.  1900. 

Dec.  1900. 

Br. 

Ft. 

No. 

R. 

A.  1900. 

Deo.  1900. 

Br. 

Ft. 

1 

0 

9^5 

-73 

11 

11.8 

13.4 

30 

h. 
0 

52.4 

-73 

44 

13.6 

14.9 

2 

0 

18.9 

—  72 

40 

11.4 

13.3 

31 

0 

53.6 

-71 

48 

13.4 

14.3 

3 

0 

20.2 

-72 

27 

11.5 

12.4 

32 

0 

54.5 

-72 

57 

12.5 

13.2 

4 

0 

20.2 

-72 

38 

11.7 

12.3 

33 

0 

54.9 

-72 

19 

14.0 

14.9 

5 

0 

20.7 

-72 

36 

11.4 

12.4 

34 

0 

55.0 

-72 

58 

13.8 

15.0 

6 

0 

24.4 

-72 

44 

11.9 

12.6 

35 

0 

55.1 

-72 

59 

12.9 

14.5 

7 

0 

33.6 

-74 

31 

13.9 

14.7 

36 

0 

55.4 

-72 

27 

14.0 

14.9 

8 

0 

34.7 

-74 

30 

13.8 

14.7 

37 

0 

56.4 

-73 

25 

13.1 

14.0 

9 

0 

35.4 

-72 

34 

12.0 

13.2 

38 

0 

56.5 

-73 

59 

13.9 

14.6 

10 

0 

36.7 

-74 

14 

13.0 

14.4 

39 

0 

57.7 

-72 

44 

11.8 

13.4 

11 

0 

87.1 

-74 

16 

12.0 

13.7 

40 

0 

57.8 

-72 

42 

14.5 

15.0 

12 

0 

37.5 

-71 

10 

13.6 

14.4 

41 

0 

58.4 

-70 

34 

10.8 

<14.5 

13 

0 

38.0 

-74 

17 

10.8 

12.1 

42 

0 

59.4 

-72 

31 

13.7 

15.2 

14 

0 

38.3 

-74 

5 

13.0 

13.8 

43 

0.7 

-73 

7 

13.4 

14.9 

15 

0 

40.1 

-74 

10 

12.1 

13.3 

44 

2.5 

-72 

56 

13.7 

14.5 

16 

0 

43.3 

-73 

16 

11.1 

12.0 

45 

2.7 

-74 

11 

13.4 

14.2 

17 

0 

44.8 

-73 

0 

12.6 

13.7 

46 

3.8 

-73 

48 

11.9 

13.2 

18 

0 

45.6 

-73 

55 

13.6 

14.3 

47 

4.4 

-73 

45 

12.0 

12.9 

19 

0 

45.9 

-73 

3 

f2.7 

13.9 

48 

4.8 

-72 

3 

12.9 

13.7 

20 

0 

46.4 

-73 

46 

13.6 

15.0 

49 

5.0 

-74 

16 

12.9 

13.5 

21 

0 

46.8 

-73 

18 

11.1 

12.1 

50 

5.8 

-72 

35 

13.4 

14.7 

22 

0 

47.2 

-74 

6 

14.2 

15.0 

51 

7.5 

-73 

8 

13.3 

14.3 

23 

0 

47.7 

-74 

8 

14.4 

15.0 

52 

7.9 

—  77 

23 

11.0 

13.4 

24 

0 

47.8 

-73 

11 

12.3 

13.6 

53 

10.4 

-73 

3 

13.4 

14.3 

25 

0 

49.3 

-70 

25 

9.4 

14.3 

54 

10.8 

-72 

13 

12.9 

14.7 

26 

0 

50.3 

-72 

49 

11.1 

12.0 

55 

26.1 

-74 

18 

11.2 

12.0 

27 

0 

50.7 

-73 

10 

13.2 

13.9 

56 

32.0 

-75 

43 

11.0 

12.5 

28 

0 

52.4 

-72 

5 

12.8 

13.7 

57 

38.9 

-75 

1 

11.6 

12.5 

29 

0 

52.4 

-72 

31 

11.7 

12.8 

Probably,  Nos.  11,  13,  and  25,  are  variable  stars  of  long  pei'iod,  while  Nos.  9,  10, 
18,  20,  28,  31,  33,  34,  36,  44,  46,  48,  and  53  have  periods  that  are  short. 


EDWARD    C.   PICKERING. 


May  2G,  1904. 
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variable,  U  Carinae.  None  of  these  are  in  the  nebula.  A  similar  examination  of 
the  Small  Magellanic  Cloud  resulted  in  the  discovery  of  57  new  variables,  including 
3  in  the  cluster  47  Tucanae,  which  appears  on  the  same  plates.  These  variables  may 
be  only  a  small  portion  of  those  actually  existing  in  this  region,  as  nearly  all  of 
them  were  found  in  a  comparison  of  two  plates.  The  known  variable,  005475,  in 
the  Provisional  Catalogue,  Annals,  XLVIII,  No.  3,  and  six  of  the  eight  known 
variables  in  the  cluster  47  Tucanae,  were  also  found.  A  provisional  scale  of  magni- 
tudes has  been  adopted,  as  absolute  magnitudes  of  the  faint  stars  have  not  yet 
been  determined. 

A  careful  examination  has  been  made  of  the  Trifid  Nebula.  In  the  region 
30'  square,  whose  limits  in  1900  extend  from  right  ascension  17''  55"'.2  to  17''  57'".4, 
and  from  dechnation  — 22°  47'  to — 23°  17',  1167  star  images  have  been  examined 
on  two  plates  and  no  variable  found.  A  similar  examination  of  N.G.C.  2070,  the 
Looped  Nebula  in  the  Large  Magellanic  Cloud,  covered  the  region  whose  limits 
in  1900  extend  from  right  ascension  5''  37"'.6  to  5''  41'".2,  and  from  declination 
—  69°  0'  to  —  69°  20'.  Out  of  867  star  images  examined,  two  are  suspected  of 
slight  variability. 

TABLE   I. 

VARIABLE   STARS   IX   ORION   AND   CARINA. 


No. 

R 

A.  7900. 

Dec. 

1900. 

Br. 

Ft. 

No. 

R. 

\.  1900. 

Dec. 

1900. 

Br. 

Ft. 

1 

A. 

5 

24 

1 

-6 

11.3 

11.6 

<15.4 

10 

h. 

10 

16.8 

-60 

57 

10.0 

11.5 

2 

5 

25 

13 

-4 

33.9 

12.4 

13.1 

11 

10 

20.9 

-60 

24 

10.2 

12.2 

3 

5 

27 

5 

-5 

0.7 

10.0 

11.0 

12 

10 

34.6 

-58 

41 

11.4 

13.0 

4 

5 

27 

8 

-2 

53.7 

9.0 

11.4 

13 

10 

34.7 

-60 

16 

13.4 

<15.1 

5 

5 

30 

25 

-5 

24.8 

11.4 

12.5 

14 

10 

36.4 

-57 

25 

11.1 

12.8 

6 

5 

30 

33 

-6 

51.7 

12.8 

13.5 

15 

10 

47.0 

-59 

49 

13.1 

<15.1 

7 

5 

32 

22 

-6 

38.6 

8.0 

10.2 

16 

10 

49.9 

-57 

59 

12.6 

14.9 

8 

5 

33 

32 

-2 

48.0 

11.6 

13.2 

17 

10 

50.2 

-57 

52 

13.7 

<15.1 

9 

5 

33 

34 

_2 

47.5 

11.4 

14.2 

18 
19 

10 
10 

50.4 
51.3 

-58 
-60 

15 

24 

13.4 
9.2 

14.5 
10.2 

KEMARKS. 


2.    This  is  the  following  of  two  stars  which  .ire  usually  of 
about  the  same  magnitude. 

5.  This  star  is  Bond  662. 

6.  This  star  is  Bond  726. 

7.  This  star  is  —7°  1132,  and  Bond  1036. 

8.  9.   .Apparently  these  two  adjacent  stars  vary  alternately. 


On  the  plates  examined,  one  is  always  bright  when  the 
other  is  faint. 

10,  11.  These  stars  are  near  the  edge  of  the  plates  examined, 
and  estimates  of  their  brightness  were  made  with  diffi- 
culty. 

19.  This  star  is  C.P.I).  -  60° 2386.  Variability  discovered 
by  Professor  E.  C.  Pickering. 
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The  new  variables  in  Orion  and  Carina  are  given  in  Table  I.  A  nnmber  for 
reference,  the  right  ascension  and  declination  for  1900,  and  the  brightest  and 
faintest  magnitudes  observed  on  the  plates,  are  given  in  the  successive  columns. 

In  Table  II,  the  new  variables  in  the  Small  Magellanic  Cloud  are  given  in  the 
same  form  as  Table  I. 

TABLE   II. 

VARIABLE    STARS    IX    THE    REGION    OF    THE    SMALL    JIAGELLAXIC    CLOUD. 


Xo. 

R. 

A.  1900. 

Dec.  1900. 

Br. 

Ft. 

No. 

R. 

A.  1900. 

Dec.  1900. 

Br. 

Ft. 

1 

A. 

0 

9^5 

-73 

11 

11.8 

13.4 

30 

h. 

0 

52.4 

-73 

44 

13.6 

14.9 

2 

0 

18.9 

-72 

40 

11.4 

13.3 

31 

0 

53.6 

-71 

48 

13.4 

14.3 

3 

0 

20.2 

-72 

27 

11.5 

12.4 

32 

0 

54.5 

-72 

57 

12.5 

13.2 

4 

0 

20.2 

-72 

38 

11.7 

12.3 

33 

0 

54.9 

-72 

19 

14.0 

14.9 

5 

0 

20.7 

-72 

36 

11.4 

12.4 

34 

0 

55.0 

-72 

58 

13.8 

15.0 

6 

0 

24.4 

-72 

44 

11.9 

12.6 

35 

0 

55.1 

-72 

59 

12.9 

14.5 

7 

0 

33.6 

-74 

31 

13.9 

14.7 

36 

0 

55.4 

-72 

27 

14.0 

14.9 

8 

0 

34.7 

-74 

30 

13.8 

14.7 

37 

0 

56.4 

-73 

25 

13.1 

14.0 

9 

0 

35.4 

-72 

34 

12.0 

13.2 

38 

0 

56.5 

-73 

59 

13.9 

14.6 

10 

0 

36.7 

-74 

14 

13.0 

14.4 

39 

0 

57.7 

-72 

44 

11.8 

13.4 

11 

0 

37.1 

-74 

16 

12.0 

13.7 

40 

0 

57.8 

-72 

42 

14.5 

15.0 

12 

0 

37.5 

-71 

10 

13.6 

14.4 

41 

0 

58.4 

-70 

34 

10.8 

<14.5 

13 

0 

38.0 

-74 

17 

10.8 

12.1 

42 

0 

59.4 

-72 

31 

13.7 

15.2 

14 

0 

38.3 

-74 

5 

13.0 

13.8 

43 

0.7 

-73 

7 

13.4 

14.9 

15 

0 

40.1 

-74 

10 

12.1 

13.3 

44 

2.5 

-72 

56 

13.7 

14.5 

16 

0 

43.3 

-73 

16 

11.1 

12.0 

45 

2.7 

-74 

11 

13.4 

14.2 

17 

0 

44.8 

-73 

0 

12.6 

13.7 

46 

3.8 

-73 

48 

11.9 

13.2 

18 

0 

45.6 

-73 

55 

13.6 

14.3 

47 

4.4 

-73 

45 

12.0 

12.9 

19 

0 

45.9 

-73 

3 

f2.7 

13.9 

48 

4.8 

-72 

3 

12.9 

13.7 

20 

0 

46.4 

-73 

46 

13.6 

15.0 

49 

5.0 

-74 

16 

12.9 

13.5 

21 

0 

46.8 

-73 

18 

11.1 

12.1 

50 

5.8 

-72 

35 

13.4 

14.7 

22 

0 

47.2 

-74 

6 

14.2 

15.0 

51 

7.5 

-73 

8 

13.3 

14.3 

23 

0 

47.7 

-74 

8 

14.4 

15.0 

52 

7.9 

—  77 

23 

11.0 

13.4 

24 

0 

47.8 

-73 

11 

12.3 

13.6 

53 

10.4 

-73 

3 

13.4 

14.3 

2.5 

0 

49.3 

-70 

25 

9.4 

14.3 

54 

10.8 

-72 

13 

12.9 

14.7 

26 

0 

50.3 

-72 

49 

11.1 

12.0 

55 

26.1 

-74 

18 

11.2 

12.0 

27 

0 

50.7 

-73 

10 

13.2 

13.9 

56 

32.0 

-75 

43 

11.0 

12.5 

28 

0 

52.4 

-72 

5 

12.8 

13.7 

57 

38.9 

-75 

1 

11.6 

12.5 

29 

0 

52.4 

-72 

31 

11.7 

12.8 

Probably,  Nos.  11,  13,  and  25,  are  variable  stars  of  long  period,  while  Nos.  0,  10, 
18,  20,  28,  31,  33,  34,  36,  44,  46,  48,  and  53  have  periods  that  are  short. 


EDWARD   C.   PICKERING. 
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SIX   NEW   VARIABLE   STARS. 

An  examination  of  the  photographs  of  the  Henry  Draper  Memorial  by  Mrs. 
Fleming  has  led  to  the  discovery  of  several  variable  stars.  A  list  of  them  is  given 
below,  and  is  followed  by  a  series  of  notes  which  give  some  additional  facts.  The 
constellation,  approximate  right  ascension  and  declination  for  1900,  and  the  class 
of  spectrnm  are  given  in  the  successive  columns  of  the  table. 


(  onstcllatiou. 

R.  A.  1900. 

Dec.  1900. 

Sl'. 

Constellation. 

R. A.  1900. 

Dec.  1900. 

Sp. 

Auriga 
Ursa  Major 
Ceiitaiirus 

h.             m. 
6          4.8 

12     35.8 
14     43.3 

+  4°3     11 
+  56     23 

-42       5 

Md 

Mc5d 

Md 

Ophiuchus 
Sagittarius 
Microscopium 

/,.             m. 

17     29.8 
19     13.4 
21     17.5 

+    7     19 
-31     54 
-41       7 

A 

Md 

Md 

6  4.8.  An  examination  of  sixteen  plates,  taken  between 
April  5,  1890,  and  February  23,  1903,  shows  a  varia- 
tion of  about  2.5  magnitudes  in  this  star. 
12  35.8.  +  56^1615,  magn.  8.2.  An  examination  of  twenty- 
one  plates,  taken  between  April  1,  1890,  and  December 
23,  1902,  shows  a  variation  of  at  least  1.0  magnitude 
in  this  star.  It  was  suspected  of  variability  by  Mrs. 
Fleming  in  the  summer  of  1890,  and  was  re-discovered 
independently  from  its  spectrum  on  May  2,  1904.  In 
1S9(;,  Espin  announced  in  the  Monthly  Notices,  Vol. 
56,  238,  that  observations  had  been  made  tending  to 
confirm  the  variation  of  this  star,  and  it  also  appears  in 
the  list  of  suspected  variables  published  with  Chandler's 
Third  Catalogue  of  Variable  Stars.  Since  this  star  is 
not  contained  in  any  of  the  Catalogues  of  known 
variables,  it  was  thought  advisable  to  include  it  in  the 
above  list. 

14  43.3.    .\n   examination   of   eight    plates,    taken   between 


August  fi,  1896,  and  July  6,  1903,  shows  a  variation  of 
at  least  2.5  magnitudes  in  tliis  star. 

17  29.8.  +7°  3404,  magn.  9.2.  An  examination  of  two 
hundred  and  eighty-four  plates,  taken  between  August 
5,  1890,  and  May  7,  1904,  shows  that  this  is  an  .\lgol 
star,  having  a  variation  of  about  2.3  magnitudes.  It 
was  found  in  a  search  for  the  asteroid  (387)  Aquitania, 
by  superposition  of  two  plates  taken  with  the  Cooke 
lens  in  Cambridge  on  August  8,  1902,  and  April  12, 
1904,  respectively. 

19  13.4.  The  following  of  two  close  stars  in  the  same 
declination,  one  or  both  of  which  identifies  with 
C.DM.  —31°  16579,  magn.  9.7.  An  examination  of 
six  plates,  taken  between  November  13,  1894,  and  July 
14,  1902,  shows  a  variation  of  at  least  1.5  magnitudes 
in  this  star. 

21  17.5.  An  examination  of  nine  plates,  taken  between 
September  8,  1892,  and  May  14,  1903,  shows  a  viiria- 
tion  of  at  least  3.0  magnitudes  in  this  star. 


The   plates  referred    to  in   the  above   notes  were  examined   independently  by 
Miss  L.  D.  Wells,  who  in  each  case  has  confirmed  the  variability  of  the  star. 

EDWARD   C.  PICKERING. 


May  26,   1904. 
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NOTES   OX    YAPJABLE   STARS   OF   LONG   PERIOD. 

The  following  notes  on  Variable  Stars  of  Long  Period  have  been  prepared  by 
Miss  Annie  J.  Cannon  from  her  observations  with  the  6-inch  telescope. 

The  reo-ular  working  list  of  the  6-inch  telescope  of  this  Observatory  consists  of  the 
variable  stars  of  long  period  discussed  in  Volume  XXXYII  of  these  Annals.  The 
variable  stars  discovered  here,  and  conveniently  situated  for  observation,  have  been 
added  gradually  to  the  list.  Some  of  the  stars  discovered  several  years  ago,  such  as 
U  Persei,  R  Trianguli,  S  Ursae  Minoris,  and  RT  Cygni,  have  been  observed  visually 
since  1896.  ^.These  stars  have  also  been  observed  elsewhere,  and  their  elements  and 
light  curves  are  fairly  well  known.  Therefore,  an  early  publication  of  the  results  does 
not  seem  to  be  so  important  as  for  other  stars  for  which  few  or  no  observations  have 
been  published,  or  for  which  the  published  elements  do  not  agree  with  the  observations. 

The  comparison  stars  used  in  observing  these  variables  were  those  selected  for  the 
photographic  measurements,  and  in  process  of  publication  in  Volume  XLYII  of  these 
Annals.  Photometric  observations  are  in  progress  to  determine  the  visual  magnitudes 
of  these  comparison  stars,  but  are  as  yet  incomplete.  Preliminary  notes  are,  therefore, 
o-iven  in  this  paper,  and  the  magnitudes  used  are  on  the  scale  of  the  Durchmusteruug. 
The  photographic  measures  referred  to  below  were  made  by  Mrs.  Fleming  and  Miss 
Breslin. 

06-5208.  X  Monocerotis.  Twenty-one  observations  have  been  made  of  this  star, 
but  no  regular  period  has  been  found.  On  January  30,  1903,  when  this  star  was  first 
observed,  its  magnitude  was  7.9.  Its  light  then  decreased  until,  on  April  27,  1903, 
its  magnitude  was  8.S.  A.  maximum  is  indicated  during  January,  1903.  Two  or 
more  observations  were  made  each  month  from  December,  1903,  to  May,  1901.  The 
brightest  phase  occurred  during  the  latter  part  of  January,  1901,  after  which  the 
variation  appeared  to  be  somewhat  irregular,  between  the  magnitudes  8  and  9. 

083350.  — Ursae  Majoris.  This  variable  star  was  announced  in  1898.  See 
H.  C.  0.  Circular,  No.  36.  No  letter  has  yet  been  assigned  to  it,  and  no  visual  obser- 
vations have  been  pubUshed.  Fourteen  observations  were  made  between  Decem- 
ber 19, 1903,  and  May  4, 1901.     One  complete  maximum  was  observed.     The  variable 
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rose  from  invisibility,  certainly  less  than  magnitude  12,  on  December  ]9,  1903,  to 
approximate  equality  with  +  50°  1560,  magnitude  9.4,  on  March  24,  1904,  and  had 
decreased  to  about  magnitude  12,  on  May  4,  1904.  The  maximum  occurred  near 
the  middle  of  March.  This  maximum  appears  to  be  the  first  one  observed  visually, 
and  it  accords  well  with  the  elements  deduced  from  the  photographic  observations 
and  published  in  H.  C.  0.  Circular,  No.  77.  These  elements  are  J.  D.  2412040  +  251  E. 
According  to  this  formula,  the  last  maximum  was  on  March  18,  1904,  and  the  next 
will  occur  on  November  24,  1904. 

090425.  W  Cancri.  On  June  5,  1902,  this  star  was  magnitude  8.9.  In  1903,  the 
variable  was  looked  for  nine  times,  between  February  25  and  May  26,  but  was  not 
certainly  seen.  In  1904,  the  variable  was  invisible  on  six  dates  between  February  8 
and  May  6.  There  is  a  faint  star  south  of  the  variable  and  slightly  following,  which 
may  be  mistaken  for  the  variable  when  the  latter  is  faint  and  a  low  magnifying  power 
is  used.  The  discordance  of  the  observations  of  1903  and  1904,  when  compared 
with  the  old  elements,  led  to  a  new  determination  of  elements  using  all  the  available 
dates  of  maxima  from  1894  to  1901.  The  elements  thus  derived  are  J.  D.  2410153 
+  384  E.  This  period  is  one  day  longer  than  that  given  in  Chandler's  revised 
elements  in  A.  J.  24,  3.  Assuming  this  formula,  maxima  occurred  on  June  12,  1902, 
Jiily  1,  1903,  and  the  next  one  will  occur  on  July  19,  1904.  The  long  period  of 
invisibility  of  the  star  in  the  6-inch  telescope  indicates  that  the  star  is  very  faint  at 
minimum. 

140113.  Z  Bootis.  This  star  was  invisible  in  the  6-inch  telescope  on  May  13  and 
June  9,  1902,  April  21,  May  23,  May  26, 1903,  March  8,  March  24,  April  4,  and  April 
16,  1904.  On  May  2,  1904,  the  variable  was  first  seen  as  magnitude  12  or  fainter. 
Observations  on  May  6,  12,  16,  and  27,  1904,  showed  that  the  light  was  rapidly 
increasing.  The  elements  in  Circular  No.  77,  which  are  J.  D.  2414378  + 280  E, 
give  May  17,  1904,  as  a  date  of  maximum.  This  date  appears  to  be  too  early,  and 
the  period  is  probably  at  least  one  day  longer  than  that  given  above.  Z  Bootis  was 
observed  at  Bonn  as  magnitude  9.5  on  April  27,  1864,  and  March  10,  1855,  but  was 
missing  on  April  13,  1853.  A  period  of  281  days  satisfies  these  observations  much 
better  than  that  of  280  days.  Assuming  the  elements,  J.  D.  2414378  +  281  E,  we 
find  that  maxima  occurred  on  August  14,  1853,  May  22,  1854,  and  February  27,  1855. 
ThQ  first  date  accords  with  the  invisibility  of  the  star  at  Bonn  on  April  13,  1853. 
The  second  and  third  computed  dates  of  maxima  are,  respectively,  twenty-five  days 
after  and  eleven  days  before  the  dates  on  which  the  star  was  observed  at  Bonn  as 
magnitude  9.5. 
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151822.  ES  Librae.  Seven  observations  have  been  made  of  this  star,  and  the 
following  approximate  magnitudes  have  been  obtained.  In  1903.  on  May  26,  magni- 
tude 9.1.  on  June  2,  9.3.  In  19C4.  on  April  16,  invisible  in  a  hazy  sky  and  fainter 
than  magnitude  9.8.  on  May  3,  9.2,  on  May  16,  9.0,  on  May  20,  9.1,  and  on  May  23, 
8.9.  The  elements  of  the  Provisional  Catalogue  give  August  22,  1904,  as  the  date  of 
the  next  maximum.  Since  this  date  appeared  to  be  too  late  to  agree  with  the  ob- 
servations of  the  present  year,  new  elements  were  derived.  Eleven  maxima  deduced 
from  the  Harvard  photographic  observations  from  1889  to  1901  were  used.  The 
elements  thus  obtained  are  J.  D.  2410102  +  219  E.  This  period  is  two  days  shorter 
than  that  given  in  the  Catalogue.  According  to  these  elements,  the  next  maximum 
will  occur  on  July  10,  1904. 

152714-  EU  Librae.  Six  observations  have  been  made.  On  April  28,  1903, 
the  magnitude  of  the  variable  was  9.2.  Four  later  observations  showed  that  the  light 
was  decreasing,  and  on  May  25, 1903,  the  variable  was  fainter  than  the  magnitude  11. 
The  variable  was  invisible  on  April  13  and  21,  1904.  These  observations  do  not 
accord  with  the  elements  of  the  Provisional  Catalogue,  which  gave  May  5,  1903,  and 
March  20,  1904,  as  dates  of  maxima.  A  new  determination  of  the  elements  has 
therefore  been  made.  For  this  purpose,  nine  maxima,  deduced  from  the  Harvard 
photographic  observations  from  1889  to  1903  and  covering  sixteen  periods,  were 
used.  The  elements  thus  derived  are  J.  D.  2410209  +  314  E.  This  period  is  two 
days  longer  than  that  given  by  Hartwig,  in  Y.  J.  S.  38,  248.  The  elements  of  the 
V.  J.  S.  do  not  agree  with  the  earlier  Harvard  observations,  for  the}-  give  July  8,  1889, 
as  a  date  of  maximum,  whereas  the  photographs  show  that  RU  Librae  had  passed 
its  maximum,  and  its  light  was  decreasing  in  June,  1889. 

160210.  U  Serpentis.  No  elements  and  no  observed  maxima  or  minima  have 
been  published  for  this  variable.  Thirteen  observations  have  been  made  from  April 
28,  1903,  to  May  27,  1904.  On  April  28,  1903,  the  magnitude  of  the  variable  was 
9.9,  and  on  June  2,  1903,  it  was  invisible.  In  September  and  October,  1903,  the 
variable  was  increasing,  and  a  maximum  is  indicated  during  the  latter  part  of 
October.  Observations  from  April  13  to  May  27,  1904,  show  that  the  variable  had 
increased  from  magnitude  10  to  about  8.  Measures  of  the  photographic  brightness 
of  this  star  give  the  dates  of  ten  maxima,  covering  fifteen  periods  from  1893  to  1903. 
The  formula  J.  D.  2410176+  240  E  has  been  deduced  from  these  maxima.  Assuming 
this  formula,  maxima  occurred  on  March  2  and  October  28,  1903,  and  the  next  date 
of  maximum  will  be  June  24,  1904.  The  vi.sual  observations  are  in  harmony  with 
these  dates.     U  Serpentis  was  observed  at  Bonn  on  July  10,  1852,  magnitude  9.0,  on 
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July  12,  1852,  magnitude  9.5,  but  on  April  18,  1855,  was  missing  in  a  clear  sky.  The 
elements,  J.  D.  2410176  +  240  E,  give  the  date  of  maximum  for  E  =  — 52  as  July  26, 
1852,  sixteen  days  after  the  star  was  first  observed  at  Bonn.  It  appears,  however, 
from  the  two  Bonn  observations  of  1852,  that  the  star  had  already  passed  its  max- 
imum, and  was  decreasing  on  July  10,  1852.  The  date  of  maximum  for  E  =  — 48 
was  March  13,  1855,  according  to  these  elements,  or  thirty-six  days  before  the  star 
was  invisible  at  Bonn.  An  increase  of  half  a  day  in  the  period  gives  the  time  of 
maximum  as  June  30,  1852,  for  E  =  — 52,  and  February  17,  1855,  for  E  =  — 48.  Both 
of  these  dates  represent  the  Bonn  observations  better  than  those  derived  from  the 
first  formula. 

222439.  S  Lacertae.  The  last  publislied  maximum  of  this  star  was  that  of 
December  19,  1897.  Fifteen  observations,  from  September  25,  1903,  to  January  27, 
1904,  show  that  a  maximum  occurred  on  October  24,  1903,  photometric  magnitude 
8.2.  This  is  fifty-five  davs  later  than  the  date  given  by  the  elements  of  the  Pro- 
visional Catalogue,  and  thirty-six  days  later  than  that  given  by  Chandler's  revised 
elements  in  A.  J.  24,  7.  New  elements  were  therefore  computed,  using  seven  dates 
of  maxima  from  1894  to  1903.  The  resulting  formula  is  J.  D.  2410003  +  237.5  E, 
which  represents  the  observations  of  the  last  ten  years,  with  an  average  residual  of 
±  2  days.  The  next  maximum,  according  to  this  formula,  will  occur  on  June  21, 
1904. 

EDWARD   C.  PICKERING. 

May  30.  190i. 
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152   NEW   VARIABLE  STARS  IX   THE   LARGE   MAGELLANIC   CLOUD. 

The  two  Magellanic  Clouds  have  long  been  objects  of  careful  study,  on  account 
of  the  extraordinary  physical  conditions  which  prevail  in  them.  They  have  not, 
however,  heretofore  been  known  as  regions  in  which  variable  stars  are  numerous. 
The  discovery  of  a  large  number  of  variable  stars  in  the  Small  Magellanic  Cloud, 
as  announced  in  Circular  No.  79,  led  to  an  examination  by  Miss  Leavitt  of  the 
Large  Cloud,  by  the  same  method,  although  a  detailed  examination  of  the  region 
immediately  surrounding  N.  G.  C.  2070,  the  Looped  Nebula,  had  already  been  made, 
with  negative  results.  Over  one  hundred  variable  stars  have  thus  been  found. 
Twenty-one  plates,  taken  mth  the  Bruce  24-inch  Telescope  and  having  exposures 
of  from  one  to  five  hours,  were  used.  A  series  of  six  of  these,  tiiken  within  ten 
days  of  each  other,  has  made  it  possible  to  derive  some  inferences  as  to  the  periods. 

In  Table  1,  a  number  for  reference,  the  right  ascension  and  declination  for  1900, 
the  brightest  and  faintest  magnitudes  observed  on  the  plates,  according  to  a  pro- 
visional scale,  and  the  range,  are  given  in  the  successive  columns. 

The  liglit  of  nearly  all  these  variables  changes  rapidly.  Among  those  obviously 
having  short  periods  are  Nos.  20,  23,  53,  59,  60,  62,  65,  66,  68,  69,  72,  78,  80, 
81,  89,  102,  103,  107,  113,  126,  131,  132,  134,  135,  142,  152.  Their  distribution 
is  remarkable,  as  they  are  usually  found  in  groups,  of  wliicli  the  most  definite  is 
in  the  collection  of  faint  stars  and  nebulae  which  begins  near  N.  G.  C.  1850  and 
extends  in  a  southeasterly  direction  toward  a  point  about  a  degree  south  of 
N.G.  C.  2070.  These  comprise  more  than  half  the  total  number  thus  far  discovered, 
and  appear  to  be  distinguished  from  the  others  )>y  their  faintness,  even  at  maximum, 
and  their  small  range  of  variation.  The  remaining  variables,  as  a  rule,  are  not 
found  in  any  of  the  regions  noticeably  crowded  with  stars,  though  many  variables 
are  distributed  around  the  edges  of  such  regions.  They  show  no  tendency  to  be 
grouped  near  N.  G.  C.  2070. 

In  Circular  No.  79,  for  662  read  663,  in  the  Remarks  on  No.  5  of  Table  I. 
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TABLE   1. 
VAKIAULK    STAIJS    IX    THE    LARGE    MAGELLANIC   CLOUD. 


No. 

R. 

A.  1900. 

Dec.  19U«. 

Br. 

Ft. 

K. 

Xo. 

li.  A.  19(Ki. 

Dec.  1900. 

Br. 

Ft. 

R. 

1 

It. 
4 

55.2 

-67  38 

13.9 

14.8 

0.9 

42 

A.   m. 

5  12.5 

-69  13 

14.1 

14.8 

0.7 

2 

4 

55.4 

-71  4 

12.7 

14.7 

2.0 

43 

5  13.4 

-69  13 

14.4 

15.0 

0.6 

3 

4 

55.8 

-70  25 

14.3 

15.0 

0.7 

44 

5  14.9 

-69  19 

14.2 

14.7 

0.5 

4 

4 

57.1 

-69  31 

13.0 

13.7 

(1.7 

45 

5  15.0 

-67  34 

13.5 

14.8 

1.3 

5 

4 

57.3 

-67  31 

14.0 

14.9 

0.9 

46 

5  15.9 

-69  20 

14.6 

15.0 

0.4 

6 

4 

57.5 

-68  8 

13.8 

14.7 

0.9 

47 

5  16.0 

-69  11 

14.3 

15.1 

0.8 

7 

4 

58.6 

-70  7 

12.8 

14.5 

1.7 

48 

5  16.1 

-70  14 

13.9 

15.0 

1.1 

8 

4 

58.8 

-69  36 

12.8 

14.7 

1.9 

49 

5  16.3 

-69  22 

14.4 

15.0 

0.6 

9 

4 

59.2 

-67  52 

13.9 

14.9 

1.0 

50 

5  16.4 

-69  10 

14.3 

14.9 

0.6 

10 

4 

59.6 

-70  29 

13.3 

14.8 

1.5 

51 

5  16.6 

-69  34 

14.2 

15.0 

0.8 

11 

5 

0.3 

-69  36 

12.0 

14.0 

2.0 

52 

5  17.0 

-69  39 

14.3 

14.9 

0.6 

12 

5 

0.5 

-68  36 

11.7 

13.9 

2.2 

53 

5  17.0 

-70  42 

13.0 

14.0 

1.0 

13 

5 

1.9 

-68  14 

11.4 

15.5 

4.1 

54 

5  17.2 

-69  50 

14.7 

15.3 

0.6 

14 

5 

2.3 

-69  3 

13.0 

14.0 

1.0 

55 

5  17.4 

-70  24 

14.5 

15.1 

0.6 

15 

5 

2.9 

-66  22 

12.8 

14.2 

1.4 

56 

5  17.5 

-69  26 

14.4 

15.1 

0.7 

16 

5 

2.9 

-69  41 

13.8 

14.9 

1.1 

57 

5  17.9 

-70  52 

13.6 

14.5 

0.9 

17 

5 

4.3 

-67  24 

12.7 

14.8 

2.1 

58 

5  18.7 

-67  19 

12.9 

14.0 

1.1 

18 

5 

4.3 

-69  4 

13.1 

14.7 

1.6 

59 

5  19.3 

-68  20 

14.1 

14.7 

0.6 

19 

5 

4.6 

-69  14 

14.0 

14.6 

0.6 

60 

5  19.4 

-70  52 

14.4 

15.0 

0.6 

20 

5 

4.7 

-69  10 

13.0 

15.0 

2.0 

61 

5  19.9 

-69  42 

13.6 

14.6 

1.0 

21 

5 

4.8 

-68  52 

13.8 

14.5 

0.7 

62 

5  20.6 

-69  16 

14.0 

14.9 

0.9 

22 

5 

6.6 

-69  15 

13.4 

14.9 

1.5 

63 

5  20.6 

-68  2 

14.2 

14.7 

0.5 

23 

5 

6.7 

-70  42 

14.0 

15.0 

1.0 

64 

5  20.8 

-68  10 

14.2 

14.6 

0.4 

24 

5 

6.8 

-68  48 

13.7 

14.8 

1.1 

65 

5  20.9 

-69  42 

14.1 

14.9 

0.8 

25 

5 

7.1 

-68  33 

14.4 

15.0 

O.B 

66 

5  21.3 

-70  8 

14.3 

15.1 

0.8 

26 

5 

7.2 

-70  56 

13.7 

15.0 

1.3 

67 

5  21.7 

-69  9 

12.9 

14.0 

1.1 

27 

5 

7.3 

-68  44 

14.3 

15.0 

0.7 

68 

5  21.8 

-69  54 

13.9 

15.0 

l.l 

28 

5 

7.4 

-69  1 

13.0 

14.7 

1.7 

69 

5  22.8 

-69  3 

14.2 

15.0 

0.8 

29 

5 

7.7 

-70  10 

12.2 

13.6 

1.4 

70 

5  22.9 

-69  28 

14.8 

15.1 

0.3 

30 

5 

8.4 

-69  22 

13.9 

14.9 

1.0 

71 

5  22.9 

-70  15 

14.6 

15.2 

0.6 

31 

5 

8.6 

-70  34 

13.0 

13.8 

o.s 

72 

5  23.0 

-69  4 

14.4 

15.1 

0.7 

32 

5 

8.7 

-70  47 

13.7 

14.8 

1.1 

73 

5  23.1 

-69  44 

14.3 

15.0 

0.7 

33 

5 

8.8 

-68  54 

12.2 

14.4 

2.2 

74 

5  23.5 

-70  1 

14.7 

15.4 

0.7 

34 

5 

9.8 

-68  52 

13.6 

15.0 

1.4 

75 

5  23.6 

-69  43 

14.2 

14.8 

0.6 

35 

5 

9.9 

-69  2 

13.9 

15.0 

1.1 

76 

5  24.2 

-69  59 

13.9 

14.8 

0.9 

36 

5 

10.4 

-67  58 

13.8 

14.1 

0.3 

77 

5  24.6 

-70  5 

14.7 

15.2 

0.5 

37 

5 

10.5 

-69  7 

14.4 

14.9 

0.5 

78 

5  25.1 

-68  16 

14.9 

15.3 

0.4 

38 

5 

10.5 

-70  34 

12.5 

13.7 

1.2 

79 

5  25.1 

-69  54 

14.3 

14.9 

0.6 

39 

5 

10.6 

-68  48 

14.3 

15.0 

0.7 

80 

5  25.2 

-68  17 

14.8 

15.2 

0.4 

40 

5 

11.2 

-69  16 

13.3 

14.6 

1.3 

81 

5  25.4 

-69  18 

14.1 

15.0 

0.9 

41 

5 

11.4 

-68  14 

13.9 

14.4 

0.5 

82 

5  25.4 

-67  44 

11.7 

12.8 

1.1 
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OmS 


No. 

K.  A.  1900. 

Dec.  1900. 

Br. 

Ft. 

R. 

No. 

11.  A.  1900. 

Dec.  1900. 

Br. 

Ft. 

R. 

83 

A.   m. 

5  25.5 

-70   'l 

14.3 

15.0 

0.7 

118 

A.  m. 

5  31.4 

-70  'l 

14.1 

15.2 

1.1 

84 

5  26.0 

-67  26 

12.8 

14.6 

1.8 

119 

5  31.6 

-66  34 

12.4 

14.2 

1.8 

85 

5  26.3 

-69  49 

14.8 

15.1 

0.3 

120 

5  31.6 

-70  2 

14.5 

14.8 

0.3 

86 

5  26.4 

-69  10 

13.8 

14.8 

1.0 

121 

5  31.6 

-70  10 

14.4 

15.1 

0.7 

87 

5  26.8 

-69  59 

14.3 

14.9 

0.6 

122 

5  31.7 

-70  0 

14.8 

15.2 

0.4 

88 

5  26.9 

-69  56 

14.5 

15.1 

0.6 

123 

5  32.2 

-70  9 

14.7 

15.1 

0.4 

89 

5  27.2 

-69  41 

13.9 

15.0 

1.1 

124 

5  32.7 

-70  0 

14.7 

15.2 

0.5 

90 

5  27.2 

-69  53 

14.8 

15.2 

0.4 

125 

5  33.1 

-67  59 

13.1 

14.1 

1.0 

91 

5  27.4 

-69  48 

14.4 

14.9 

0.5 

126 

5  33.4 

-68  15 

13.6   14.8 

1.2 

92 

5  27.6 

-66  58 

13.0 

14.1 

1.1 

127 

5  34.3 

-67  41 

13.7   14.7 

1.0 

93 

5  27.7 

-67  21 

13.8 

<15.5 

1.7 

128 

5  34.6 

-67  53 

13.6 

14.4 

0.8 

94 

5  28.0 

-69  55 

14.3 

14.8 

0.5 

129 

5  34.6 

-68  3 

14.0 

14.8 

0.8 

95 

5  28.0 

-71  16 

13.8 

<15.2 

1.4 

130 

5  35.5 

-67  48 

13.6 

14.2 

0.6 

96 

5  28.1 

-70  24 

14.9 

15.3 

0.4 

131 

5  35.9 

-66  46 

12.2 

13.8 

1.6 

97 

5  28.1 

-69  55 

14.3 

14.8 

0.5 

132 

5  36.1 

-68  36 

12.3 

13.4 

1.1 

98 

5  28.1 

-68  28 

13.8 

14.4 

0.6 

133 

5  36.2 

-67  0 

13.8 

14.8 

1.0 

99 

5  28.3 

-69  48 

14.7 

15.1 

0.4 

134 

5  36.8 

-68  53 

13.0 

14.6 

1.6 

100 

5  28.4 

-67  8 

13.9 

14.7 

0.8 

135 

5  38.1 

-69  32 

13.4 

14.8 

1.4 

101 

5  28.4 

-69  55 

14.2 

14.7 

0.5 

1.36 

5  38.6 

-68  8 

13.9 

14.9 

1.0 

102 

5  28.8 

-70  5 

13.2 

14.8 

1.6 

137 

5  38.6 

-70  19 

14.5 

15.0 

0.5 

103 

5  29.0 

-69  53 

14.1 

15.0 

0.9 

138 

5  38.7 

-70  18 

14.9 

15.2 

0.3 

104 

5  29.5 

-69  45 

14.4 

<15.5 

1.1 

139 

5  39.0 

-70  5 

14.4 

15.1 

0.7 

105 

5  29.5 

-69  45 

14.8 

15.2 

0.4 

140 

5  40.0 

-70  22 

14.2 

15.1 

0.9 

106 

5  29.5 

-69  45 

14.8 

<15.5 

0.7 

141 

5  40.0 

-70  42 

14.4 

15.2 

0.8 

107 

5  29.6 

-  70  2 

13.8 

15.0 

1.2 

142 

5  40.3 

-67  53 

13.2 

14.2 

1.0 

108 

5  29.8 

-69  55 

14.1 

15.1 

1.0 

143 

5  40.4 

-70  23 

14.5 

15.0 

0.5 

109 

5  30.2 

-67  37 

14.4 

15.0 

0.6 

144 

5  40.5 

-69  6 

14.0 

14.5 

0.5 

110 

5  30.2 

-69  50 

14.1 

14.9 

0.8 

145 

5  40.7 

-70  24 

14.6 

15.1 

0.5 

111 

5  30.5 

-69  13 

13.8 

14.1 

0.3 

146 

5  41.7 

-69  21 

14.4 

14.9 

0.5 

112 

5  30.6 

-70  18 

14.7 

15.2 

0.5 

147 

5  43.7 

-66  52 

14.5 

15.0 

0.5 

113 

5  31.0 

-69  31 

13.3 

14.2 

0.9 

148 

5  44.0 

-70  10 

13.9 

14.7 

0.8 

114 

5  31.0 

-69  57 

14.0 

15.0 

1.0 

149 

5  44.3 

-68  43 

14.2 

14.7 

0.5 

115 

5  31.2 

-67  30 

13.1 

14.3 

1.2 

150 

5  45.3 

-69  34 

14.6 

15.1 

0.5 

116 

5  31.3 

-70  9 

14.6 

15.2 

0.6 

151 

5  46.3 

-69  16 

14.4 

14.9 

0.5 

117 

5  31.3 

-70  42 

14.4 

15.1 

0.7 

152 

5  47.2 

-68  12 

13.2 

14.4 

1.2 

REMARKS. 


13.  This  star  lias  the  largest  range  of  any  of  the  variables 
in  Table  I.     The  period  is  probably  long. 

15.    The  preceding  star  of  a  pair. 

23.   The  central  star  of  a  close  cluster  of  five. 

25.  A  faint  star  north  of  and  closely  following  the  variable 
makes  it  appear  nebulous,  except  on  plates  in  which  the 
definition  is  good. 

30.   The  preceding  star  of  a  close  pair. 


36.    The  variation  of  this  star  seems  to  be  real,  although 

the  observed  range  is  small. 
46.    Variation  well  shown,  though  small. 
53.    Period  apparently  extremely  short. 
61.    The  northern  star  of  a  close  pair. 
64.    Variation  well  shown,  though  small. 
70.    The  variation  of  this  star  seems  to  be  real,  although 

the  observed  range  is  small. 
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78,  80.  These  adjacent  stars  apparently  vary  alternately. 
On  the  plates  examined,  one  is  alway.t  bright  when  the 
other  is  faint.     Period  ap])arently  short. 

8.5.  The  variation  of  this  star,  although  small,  seems  to  be 
real,  as  there  are  good  comparison  stars  near  it. 

90.    The  variation  is  well  shown. 

96.    The  variation  is  well  shown. 

104,  105,  lOK.  These  three  stars  arc  very  near  together.  The 
periods  of  all  are  evidently  short.  Nos.  105  and  106 
were  discovered  by  Mrs.  Fleming  while  confirming  adja- 
cent variables. 
110.  This  star  may  be  of  the  Algol  type.  It  is  of  unifonn 
brightness  on  nearly  all  of  the  plates  ixaniined.  but  is 
faint  on  two  plates. 


111.  The  variation  of  this  star  seems  to  be  certain,  although 
the  observed  range  is  small. 

119.  This  star  is  faint  on  only  three  plates. 

120.  This  star  is  certainly  variable,  although  the  observed 
range  is  small. 

122.  Variation  well  shown. 

123.  Variation  well  shown. 

138.  The  variation  of  this  star  is  certainly  real,  although 
the  ol)served  range  is  small. 

Hi.  This  star  was  observed  as  slightly  variable  in  the  pre- 
vious examination  of  the  region  near  N.  G.  C.  2070. 
Additional  plates  have  confirmed  the  variability  with  a 
larger  range  than  was  observed  at  that  time. 


The  variability  of  all  of  tliese  stars,  and  of  those  announced  as  variable  in  Circulars 
Ncs.  78  and  79,  have  been  confirmed  either  by  Mrs.  Fleming  or  by  JNliss  Leland. 
It  is  probable  that  the  range  will  be  increased  when  a  photometric  scale  is  substi- 
tuted for  that  here  used.  Many  of  the  faint  stars  in  the  Large  Magellanic  Cloud 
show  slight  fluctuations  in  brightness.  This  renders  it  probable  that  many  more 
variables  may  be  discovered  from  an  examination  of  later  plates. 

Preparations  are  being  made  for  deterniining  the  preci.se  positions,  periods,  and 
light  curves  of  all  of  these  variables.  The  treatment  should  be  like  that  of  the 
128  variables  in  wCentauri,  discussed  in  Volume  XXXVIII.  This  will  be  a  large 
piece  of  work,  and  progre.ss  will  neces,sarily  be  slow.  Two  or  three  assistimts  should 
be  started  on  the  work  at  once. 

The  totiil  number  of  new  variables  found  in  nebulous  regions  by  Miss  Leavitt, 
and  announced  in  Circulars  Nos.  78,  79,  and  82,  is  at  least  277.  It  is  a  remarkable 
illustration  of  the  results  to  be  expected  from  a  systematic  study  of  the  Harvard 
Library  of  Astronomical  Photographs.  During  1903,  a  grant  from  the  Carnegie 
Institution  permitted  a  corps  of  eigiit  or  more  observers  to  carry  on  such  investi- 
gations. Since  then  this  corps  has  been  disbanded,  and  the  means  of  the  Observatory 
have  permitted  but  one  observer  to  be  employed  on  similar  work,  with  the  results 
here  shown. 

EDWARD    C.   PICKP:R1NG. 


JiNE  21,   1904. 


Harvard  College  Observatory. 
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COMMON'S   60-INCH  TELESCOPE. 

An-  important  part  of  the  work  of  the  Harvard  College  Observatory  for  the 
last  quarter  of  a  century,  and  of  the  writer  personally,  has  been  the  determination 
of  the  light  of  the  stars.  About  one  hunch-ed  thousand  measures  of  four  thousand 
stars,  induding  all  those  ^-isible  to  the  naked  eye  in  Cambridge,  and  all  those  of 
the  lixth  magnitude  and  brighter,  north  of  decUnatiou  -30°,  were  made  in  1879 
to  1881.  The  telescope  used  in  this  work  had  an  aperture  of  only  two  inches. 
A  similar  instrument,  with  an  aperture  of  four  inches,  has  been  in  use  here  and  in 
Arequipa,  since  1882.  More  than  a  million  settings,  on  neariy  sLxty  thousand  stars, 
in  aU  parts  of  the  sky  from  the  North  to  the  South  Pole,  have  been  made  with  it. 
Numerous  standards  of  the  tenth  magnitude  and  brighter  are  thus  pro^ided.  In 
1899,  a  telescope  of  twelve  inches  apertm-e  was  mounted  horizontally,  and  used  in 
a  similar  manner.  Since  then,  four  huncbed  thousand  measures  of  about  eleven 
thousand  stars  have  been  made,  thus  furnishing  standards  of  the  twelfth  magnitude 

and  brighter. 

As  this  Observatory  has  not  heretofore  owned  a  very  large  telescope,  we  have  had 
to  rely  on  the  com-tesv  of  our  friends  for  measures  of  the  fainter  stars.  By  means 
of  an^ppropriation  from  the  Riunford  Committee,  and  .rith  the  cooperation  of  the 
Directors  of  the  Yerkes,  Lick,  McCormick,  and  Halsted  Observatories,  several  of 
the  largest  telescopes  in  the  world  have  taken  part  in  a  determination  of  standard 
magnitudes  of  verv  faint  stars.  A  request  for  a  telescope  of  the  largest  size,  to  be 
mooted  at  Harvard,  has  not  hitherto  been  made,  since  the  atmospheric  conditions 
in  the  eastern  part  of  the  United  States  and  in  Europe  are  not  so  favorable  to  the 
best  work  as  in  certain  selected  stations  in  the  tropics.  By  a  mocHfication  of  the 
twelve-inch  telescope  described  above,  good  measures  can  be  made  of  the  stars,  even 
if  theii-  images  are  bad.  By  reducing  the  image  of  the  real  star,  instead  of  that  of 
the  artificial  star,  more  accurate  measures  may  be  made,  certam  sources  of  constant 
error  eUminated,  and  since  both  images  are  faint  when  compared,  defects  in  them 
are  rendered  imperceptible.  In  this  way,  even  so  large  an  ol^ject  as  the  planet 
Mars  has  been  satisfactorily  compared  with  an  artificial  star. 


CIRCULAR    NO.    S3.  ^ 

A  reflecting  telescope  of  sixty  inches  aperture  was  constructed  by  the  late 
A.  A.  Common,  and  for  several  years  has  been  idle.  From  its  great  aperture  it 
should  show  extremely  faint  stars,  and  would  be  especially  adapted  to  measui'ing 
their  light.  Some  years  ago,  an  attempt  was  made  to  purchase  this  telescope, 
but  the  means  of  the  Observatory  would  not  then  permit.  In  1902,  the  anony- 
mous gift  of  $20,000  w^as  received,  and  it  has  supplied  several  urgent  needs  of  the 
Observatory.  Representing  these  facts  to  Professor  Turner  of  Oxford,  during  his 
recent  visit  to  Harvard,  he  recognized  the  importance  oi  utilizing  so  valualile  an 
instrument,  and  that  the  nature  of  the  observations  and  other  conditions  were 
favorable  to  securing  valuable  results.  He  therefore  wrote  to  Mr.  T.  A.  Common, 
with  the  result  that  this  Observatory  has  purchased  the  telescope  on  such  hberal 
terms  that  Mr.  Common  may  fairly  l)e  regarded  as  ha^ing  contributed  a  large 
portion  of  the  cost. 

Steps  are  being  taken  for  packing  and  transferring  the  instrument  at  once  to 
Cambridge.  It  is  hoped  that  in  a  few  weeks  the  telescope  ma}-  be  received  and 
mounted,  and  that  observations  to  supply  one  of  the  great  wants  of  Astronomy,  a 
measure  of  the  light  of  the  very  faint  stars,  can  then  begin.  The  woi'k  of  many 
years  has  supplied  this  want  for  the  brighter  stars,  and  may  now  be  extended  to 
the  faintest  objects  within  the  reach  of  human  knowledge. 

We  have  here  another  illustration  of  the  valuable  results  which  ma}-  be 
obtained  in  Astrononi}-,  from  a  combination  of  favorable  circumstances.  It  is  still 
another  result  of  the  utmost  importance  derived  from  a  gift  made  without  re- 
strictions. It  affords  an  opportunity  to  make  useful  the  greatest  work  of  one  of 
the  most  successful  of  the  makers  of  large  telescopes.  It  secures  the  Hljeral  aid 
of  his  family  through  the  friendly  assistance  of  a  brother  astronomer.  All  have 
been  brought  together  through  a  form  of  investigation  which  appears  especially 
suited  to  these  particular  conditions. 

EDAVARD    C.  PICKERING. 

August  1h.  mn. 
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CARNEGIE   GRANT   OF    190.3. 

The  Harvard  Circulars  have  hitherto  been  used  mainly  for  the  annoimcement 
of  discoveries  and  similar  facts  of  scientific  interest.  It  is  beUeved  that  they  will 
also  be  found  a  convenient  means  of  notifying  astronomers  of  financial  and  other 
matters  relating  to  Astronomy. 

The  Harvard  collection  of  photographs,  or  photographic  library,  now  contains 
more  than  one  himdred  and  fifty  thousand  glass  negatives.  On  the  average,  pho- 
tographs are  included  of  every  portiqn  of  the  sky,  taken  on  about  two  hundred 
nights,  from  1889  to  the  present  time,  and  showing  stars  as  faint  as  the  eleventh 
magnitude.  Bright-  stars  are  photographed  on  a  much  larger  number  of  nights, 
especially  in  recent  years.  A  nearly  continuous  history  of  the  sky,  such  as  does 
not  exist  elsewhere,  is  thus  furnished,  from  which  a  detailed  study  of  almost  any 
celestial  object  may  be  made.  Representing  these  facts  to  the  Trustees  of  the 
Carnegie  Institution,  they  courteously  made  me  a  grant  of  |2500  for  the  year 
1903,  for  the  study  of  these  photographs.  This  aid  has  permitted  a  large  amount 
of  material  to  be  collected,  and  is  gratefully  acknowledged.  A  description  of  the 
w^ork  accomplished  is  given  in  my  report  to  the  Tnastees,  dated  October  3,  1903. 
As  only  an  abridged  notice  of  this  report  has  been  published  (Carnegie  Year  Book, 
No.  2,  1903,  page  xxi),  permission  has  been  granted  me  to  make  a  fuller  state- 
ment. My  objects  in  doing  this  are,  first,  because  I  believe  that  the  results  will 
be  of  interest  to  astronomers,  and  there  seems  to  be  no  immediate  prospect  that 
the  detailed  publication,  which  was  expected,  can  be  made  except  very  slowly. 
Secondly,  it  is  hoped  that  if  it  becomes  known  that  so  large  an  amount  of  valuable 
material  has  been  secured  in  proportion  to  the  expenditure,  steps  may  be  taken  to 
insure  its  puljlication  and  the  continuation  of  the  work. 

On  December  6,  1902,  notification  was  received  that  the  appropriation  had  been 
made,  and  that  it  would  be  available  only  during  the  year  1903.  Early  in  January, 
1903,  eight  or  ten  assistants  were  at  work  on  some  of  the  researches  described 
below,  and  this  number  was  maintained  during  the  year.  No  money  was  used  for 
executive  expenses,  and  nearly  the  entire  grant  was  expended  on  routine  observing, 
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computing,  and  copying,  at  the  rate  of  twenty-five  or  thii-ty  cents  an  hour.  Excel- 
lent assistants,  both  men  and  women,  can  be  obtained  here  at  these  rates.  On 
December  19,  1903,  notification  was  received  that  the  grant  would  not  be  continued 
for  1904,  and  the  work  was  accordingly  stopped  on  Deceml)er  31,  1903.  The 
shortness  of  the  notice  must  be  my  excuse  for  not  completing  and  publishing  a 
portion  of  the  work. 

The  collection  of  photographs  may  be  regarded  as  a  unique  library  for  which 
there  are  few  readers  or  students.  A  corps  of  experts  should  be  employed,  whose 
duties  would  be  to  conduct  researches  like  those  described  below,  and  especially  to 
prepare  for  publication  the  past  history  of  newl}-  discovered  objects.  It  is  believed 
that  $5,000  annually  could  be  wisely  expended  in  this  work.  Of  this,  $3,000 
should  be  spent  for  routine  work,  $1,000  for  supervision  and  preparation  for  pub- 
lication by  advanced  assistants,  and  $1,000  for  printing.  It  is  hoped  that  each 
year  the  results  would  fill  a  (juarto  volume  of  two  or  three  hundred  pages. 

It  is  difficult  to  realize  the  immense  amount  of  material  here  at  command.  To 
an  astronomer  elsewhere  half  of  the  stars  are  always  below  the  liorizon,  and  a  part 
of  them  are  never  visible  to  him  unless  he  crosses  the  Equator.  More  than  half 
of  the  time  the  Sun  is  above  the  horizon,  or  so  near  it  that  the  twilight  renders 
observation  impossible.  Clouds  pi-eveut  observation  for  at  least  half  of  the  time. 
Even  the  intervals  remaining  for  work  are  diminished,  since  a  star  cannot  be 
observed  when  near  the  horizon.  At  Cambridge,  we  have  photographs  of  the 
entire  sk}-,  on  two  hundred  or  more  nights,  and  can  thus  at  any  time  study  the 
history  of  any  object  during  the  last  fifteen  years.  B}'  comparing  different  photo- 
graphs, observations  can  be  repeated  again  and  again,  and  observed  changes  can 
thus  be  verified. 

From  the  variety  of  impoi-tant  investigations  which  presented  themselves,  it 
was  difficult  to  decide  which  should  be  selected.  It  seemed  best  to  imdertake  a 
number,  as  examples.  Many  of  them,  Hke  Nos.  3,  4,  5,  6,  10,  and  11,  described 
below,  could  be  extended  almost  indefinitely.  The  breadth  of  the  field  and  its 
possibilities  were  thus  better  showTi  than  if  a  single  research  had  been  vmdertaken. 
An  early  publication  of  some  of  the  results  was  made  in  H.  C.  0.  Circulars,  Nos. 
69  and  70. 

While  the  results  given  below  illustrate  what  may  be  expected  if  the  work  is 
continued,  it  is  probable  that  still  greater  economy  would  ensue  from  making  the 
Avork  continuous,  from  removing  the  limiting  dates  of  expenditure  of  the  appro- 
priations, and  from  avoiding  the  loss  due  to  forming  and  cUsbanding  a  corps  which 
should  consist  of  experienced  workers.     Each  year  the  value  of  the  results  should 
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increase,  and  it  is  hoped  that  a  donor  may  be  foimd  who  will  consider  such  results 
an  adequate  return  for  the  expenditure. 

The  researches  carried  on  iu  1903  are  as  follows  :  — 

1.  Eclipses  of  Jupiter  s  Satellites.  —  Photographs  of  Jupiter's  Satellites  while 
undergoing  eclipse  have  been  taken  on  122  nights,  since  July  24,  1888.  Generally, 
the  plate  was  moved  automatically  every  10  seconds,  thus  forming  a  series  of 
images  showing  the  gradual  change  in  brightness.  About  eleven  thousand  measures 
have  been  made  of  these  plates,  and  it  is  expected  that  they  will  serve  to  determine 
the  time  of  eclipse  with  great  accuracy.  They  will  thus  supplement  the  series  of 
visual  observations  made  here  during  the  last  twenty-five  years. 

2.  Light  curves  of  Algol  Variables.  —  674  photographs  of  eight  variable  stars 
of  the  Algol  type  have  been  taken  near  the  time  of  minimum,  since  September  8, 
1891.  The  plates  were  moved  automatically,  at  intervals  of  exactly  one  or  more 
minutes.  It  is  expected  that  the  measures  of  the  resulting  images  will  give  good 
determinations  of  the  times  of  minima,  and  of  the  form  of  the  light  curves.  About 
nine  thousand  measures  have  been  made  of  364  plates,  of  W  Delphini,  S  Cancri, 
SW  Cygni,  and  UW  Cygni. 

8.  Positions  and  hrightness  of  stars  in  clusters.  —  Photographs  have  been  taken 
of  several  coarse  clusters  and  have  been  measured  in  a  way  that  combines  accuracy 
and  economy.  As  an  example,  about  1500  stars  have  been  measured  in  the 
Cluster  in  the  Sword  Handle  of  Perseus.  All  stars  in  a  region  having  an  area 
of  six  tenths  of  a  square  degree,  and  brighter  than  the  fifteenth  magnitude,  are 
included.  From  one  to  four  measures  were  made  of  each  star  by  each  of  two 
observers.  The  accidental  errors  of  measurement  are  about  a  second  of  arc  and 
a  tenth  of  a  magnitude.  The  cost  of  measuring  a  star  by  this  method  is  about 
half  a  cent.  265  stars  near  the  new  star  in  Gemini  have  also  been  measured  in 
this  way.  It  is  believed  that  this  will  prove  a  convenient  method  of  forming 
useful  catalogues  of  the  stars  in  such  regions. 

4.  Variable  Stars  of  lo7ig  j^eriod.  —  Observations  have  been  made  of  the  changes 
in  light  of  nine  recently  discovered  varialjle  stars  of  long  period,  during  several 
years  before  they  Avere  known  to  be  variable.  An  example  of  one  of  these  is 
given  in  Circular  No.  69. 

5.  Early  observations  of  stars  of  the  Algol  type  and  other  variables  of  short 
period.  —  These  observations  have  special  value  since  they  serve  to  determine  the 
periods  of  these  stars  with  great  accmacy.  An  example  of  this  kind  is  given  in 
Circular  No.  69. 


4  CIRCULAR   NO.    84. 

6.  Transit  j)1iotometer .  —  For  many  years  the  sky  has  been  patrolled  every 
clear  ni^-ht  at  Arequipa  and  Cambridge  by  two  similar  transit  photometers.  All 
stars  brighter  than  the  sixth  magnitude,  and  which  cross  the  meridian  after  dark, 
are  photographed.  Much  time  has  been  spent  rn  studying  these  photographs, 
identifying  the  stars,  etc.  The  variations  in  light  of  a  Orionis  seem  clearly  proved 
from  these  plates.  Owing  to  the  distance  of  the  comparison  stars,  ordinary  photo- 
graphs cannot  be  used.  On  accovmt  of  its  color  and  brightness,  visual  observations 
of  its  variations  are  very  uncertain. 

7.  Nova  Geminorum.  —  Our  knowledge  of  the  early  variations  m  light  of  this 
star  depends  almost  entirely  upon  the  measurements  made  here,  and  described  in 
Circular  No.  70. 

8.  Variations  in  bri(/htness  of  Eros.  —  The  curious  change  in  light  of  this  planet 
was  discovered  in  February,  1901.  1755  measurements  have  been  made  of  the 
variations  before  then,  and  these  are  expected  to  add  greatly  to  our  knowledge 
of  this  remarkal)le  phenomenon. 

9.  Proper  motions  of  stars.  —  The  absence  of  proper  motion  of  — 1°.3359  is 
shown  in  Circular  No.  69. 

10.  Missing  asteroids.  —  Much  useful  work  could  l)e  done  in  finding  asteroids 
which  are  lost,  not  having  been  seen  for  several  years.  Two  examples  are  given 
in  Circular  No.  69. 

11.  Miscellaneous  objects.  —  Many  images  of  interesting  objects,  like  new  stars, 
variables,  and  asteroids,  doubtless  appear  on  the  photographs.  An  examination  has 
accordingly  been  made  of  several  of  the  plates  to  determine  whether  it  would  be 
advisable  to  examine  a  large  number  of  them  systematically  for  the  discovery  of 
such  objects. 

Investigations  Nos.  1,  2,  and  a  part  of  3,  have  been  carried  on  under  the 
direction  of  Mr.  Edward  S.  King,  with  the  assistance  of  Messrs.  Brasch,  Colson, 
Ellenbogen,  Lynn,  Moi-gan,  Sanderson,  and  Thibault.  The  remainder  of  No.  3,  and 
Nos.  4  to  11  have  been  carried  on  under  the  direction  of  Mrs.  Fleming,  with  the 
assistance  of  Misses  Breslin,  Cushman,  GiU,  Harriman,  Leavitt,  Leland.  Lundiu, 
McCoy,  McKay,  H.  I.  Stevens,  I.  M.  Stevens,  and  Wells. 

After  the  corps  was  disbanded,  one  observer,  Miss  Leavitt,  was  retained  at  the 
expense  of  the  Observatory,  to  continue  similar  work.  In  the  course  of  the 
following  few  weeks  she  discovered  277  new  variable  stars,  all  in  large  nebulous 
regions,  as  described  in  Circulars  Nos.  78,  79,  and  82. 

EDWARD    C.  PICKEKINO. 
August  24,   19ii4. 


Harvard  College  observatory.  360 
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THE   ANONYMOUS  GIFT   OF   1902. 
In  1903,.  gift  of  twenty  tUous>.n<l  dollars  was  n^le  to  the  Observatory,  .vith 
the  sole  condition  that  the  name  of  the  donor  should  not  he  divulged.    Tins  grf 
was   particularly    acceptable    from   the   way   in   which   it  was   presented.      It   was 
LoUcited,  aJit  was  received  from  one  on  whom  the  Observatory  had  no  c  a  m^ 
It  i,  beUeved  that  the  results  obtained  through  this  gift  are  so  valuabl     th.a    a 
statement  of  them  will  be  of  mterest  U,  astronomers,  and  that  ,t  wdl  show  the 
friends  of  the  Observatory  that  any  sums  of  money,  either  large  or  small,  can  be 
CMiended  in  a  way  that  will  lead  to  relatively  great  scientihc  results. 
'    Ch-eular  No.  84  showed  the  results  obtained  in  one  year-  from  an  mcrease  ot 
42  600  m  the  income  of  the  Observatory,  by  a  grant  from  the  Carnegie  hstituhon 
for' the  study  of  the  Harvard  collection  of  astronomical  photogr-aphs      The  resu  .. 
obtled  from  the  expen^ture  of  the  Anonymous  Gift  of  1902,  ec,mvalent  to  the 
adlXnof  $20,000  to' the  capita,  of  the  Observatory,  .,ut  available  for  nnmed.ate 

T'ln'S^'ttM^ds  of  the  Observatory  presented  it  with  a  P..otographi„ 
Lih-ary,  consi  ttog  of  a  plain,  tl.ee  story,  brick  building  for  hohUng  and  s  ndymg 
U  col  ction  of  astronomical  photographs,  then  cou..mh.g  about  '^r  >-  '  - 
glass  plates.  la  1902,  this  collection  had  mcreased  to  about  one  hun,h-  d  and  th  y 
thonsLd  plates,  and  more  room  for  stormg  them  was  urgently  needed.  A  w  ng 
"l  accommodate  two  hundred  thousand  more  plates  w.s  accordingly  ^^ 
o  the  Photographic  Library.  It  is  of  brick,  Are  proof,  and  three  stone  h,gh^ 
to  t"';^'":™*  P  thirtv  feet  square,  of  extended  metal  construction,  and  calculated 
r"r::vt^  te  hlld     ounds  to  the  square  foot.     As  the  growth  of 

I  colLtion  i:  about  ten  thousand  negatives  a  year  provision  ha,  *-  t-;  ^^ 
which  will  supply  for  many  yea.s  an  urgent  need  of  the  Observatory      J'te  burldm 
was  erected  under  the  supervision  of  Pi-ofessor  Bnrke,  Inspector  of  College  Bu.ldmgs. 
thus  insurhio-  the  best  construction  and  a  great  savmg  in  cost. 

2     Experiments  at  the  Yerkes  and  Lick  Observatories  have  ^O"'"       '^     - 
stars  and  nebulae  can  be  photographed  with  large  reflectors,  although  c,u,tc  beyond 
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the  reach  of  other  telescopes.  Accordmgly,  in  1902,  when  the  very  mterestmg 
nebuLa  surrounding  the  New  Star  in  Perseus,  No.  2,  was  found  to  he  in  rapid  motion, 
the  Harvard  Observatory  could  not  take  part  in  its  study.  Moreover,  no  large 
reflector  is  permanently  mounted  in  the  southern  hemisphere,  which  is  available  for 
a  general  study  of  the  stars  not  visible  in  the  United  States  and  Em-ope.  The 
Harvard  Observatory  has  a  station  in  Arequipa,  Peru,  where  the  atmospheric  con- 
ditions, as  well  as  the  latitude,  are  especially  suited  to  such  work.  Accordingly,  a 
silver  on  glass'  mirror,  having  a  diameter  of  twenty-four  inches,  has  been  made  by 
the  firm  of  Alvan  Clark  &  Sons.  A  mounting  has  been  consti-ucted  here,  under 
the  direction  of  Mr.  Gerrish,  an  officer  of  the  Observatory,  with  a  great  sa\'ing  of 
expense.  In  fact,  the  total  cost  has  been  so  small  that  a  second  mkror  has  been 
made,  with  the  expectation  of  maintaining  one  in  Cambridge  and  the  other  in 
Arequipa. 

3.  A  statement  has  been  made  in  Circular  No.  83,  of  the  exceptional  conditions 
under  which  we  have  acquired  the  6(J-inch  telescope  of  the  late  A.  A.  Common. 
The  Observatory  is  thus  in  possession  of  a  telescope  larger  than  any  now  in  use, 
and  expects  to  employ  it  in  a  way  that  will  secure  important  results,  without  the 
favorable  atmosphei'ic  conditions  found  in  certain  tropical  countries. 

4.  This  gift  has  also  provided  for  numerous  smaller,  but  urgent,  needs  of  the 
Observatory.  The  capital  of  our  other  funds  could  not  be  used  for  them,  and 
the  entire  income  was  required  for  other  expenses.  A  6-inch  hydrant  has  been 
erected  on  the  grounds,  and  frequent  fire  drills  render  it  probable  that  effective 
streams  of  water  would  be  turned  upon  a  fire  several  minutes  Isefore  the  city 
engines  could  reach  hei-e.  The  executive  work  of  the  Observatory  has  been 
greatly  expedited  by  the  construction  of  a  revolving  table,  which  places  the 
equivalent  of  a  table  twenty  feet  long,  with  six  bookcases  and  twelve  drawers, 
within  the  immediate  reach  of  the  person  using  it. 

Through  this  gift,  the  permanent  plant  of  the  Observatory  has  been  improved 
by  an  amount  which,  except  for  these  favorable  conchtions,  would  have  required  a 
much  larger  expenditure. 

EDWARD    C.   PICKKRING. 

Aur.uST  27,   1904. 
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THE    NEBULA   OF   ORION. 

The  late  Isaac  Roberts,  only  a  few  days  before  his  death,  wrote  me  a  courteous 
note  in  which  he  called  my  attention  to  the  fact  that  several  of  the  variables  in 
the  Nebula  of  Orion  had  already  been  announced  by  him  in  the  Monthly  Notices 
of  the  Royal  Astronomical  Society,  L,  316.  I  am  also  indebted  to  him  for  fom* 
excellent  photographic  prints  of  this  nebula,  taken  on  February  4,  1889,  Januai'y  15, 
1896,  February  14,  1898,  and  January  3,  1903,  with  exposures  of  205,  90,  40,  and 
90  minutes,  respectively.  An  examination  of  these  photographs  by  Miss  Leavitt 
has  led  to  the  results  enumerated  below.  Dr.  Roberts'  variables  are  enumerated  in 
Table  I,  and  the  numbers  assigned  to  them  by  him,  by  Professor  Wolf,  by  Miss 
Lea^'itt,  and  by  Bond,  are  given  in  the  first  four  columns. 

TABLE   I. 


Roberts 
No. 

Wolf  No. 

Ilarvai-.l 

No. 

Bond 

No. 

R.  A.  1900. 

Dec.  1900. 

Roberts 
No. 

Wolf  No. 

Harvard 

No. 

Bond 
No. 

R.  A.  1900. 

Dec.  1900. 

h.     m.      s. 

o          / 

A.  m.        s. 

o          / 

1 

19 

417 

5  29  42.5 

-6     9.6 

6 

5  32  39. 

-5  16.3 

2 

40,1903 

26 

509 

5  30     1.6 

-5  50.6 

7 

492 

5  29  57.5 

-5     7.5 

3 

41,1903 

34 

582 

5  30  16.3 

-5  50.5 

8 

5  30  43. 

-5  10.1 

4 

52 

817 

5  30  54.0 

-5  53.5 

9 

42,1903 

35 

596 

5  30  19.4 

-4  49.7 

5 

999 

5  32     4.8 

-5  27.8 

10 

32 

561 

5  30  13.6 

-4  31.7 

REMARKS. 


This  star  is  conspicuously  bright  on  the  photograph  taken 
by  Dr.  Roberts  on  January  3,  1903,  but  is  not  seen  on 
Us  other  three  photographs.  It  has  not  Ijeen  certainly 
identified  on  any  of  the  Harvard  photographs  mentioned 
in  Circular  No.  78,  although  four  of  them  show  star 
images  fainter  than  any  seen  on  Dr.  Roberts'  photo- 
graphs. As  the  star  is  on  Bond's  chart,  there  appears 
to  be  no  doubt  as  to  its  existence. 

Tlie  variation  in  this  star,  as  seen  on  the  four  photo- 
graphs taken  by  Dr.  Roberts,  is  slight.  A  variation 
of  two  or  tliree  tenths  of  a  magnitude  is  also  seen  on 


the  Harvard  photographs.  It  is  never  brighter  than 
Bond  1061,  but  is  sometimes  brighter  and  sometimes 
fainter  than  Bond  ;I87.  It  is  always  brighter  than  a 
star  of  magnitude  14. .5,  having  coordinates  +2"' 21*  in 
right  ascension,  and  +  15'. 2  in  declination,  which  is 
not  on  Bond's  map. 
This  star  is  No.  10  in  Table  II  of  Circular  No.  78.  The 
variation  is  conspicuous  on  the  photographs  taken  by 
Dr.  Roberts,  which  show  it  to  have  been  more  than  a 
magnitude  brighter  on  .January  3,  1!)03,  tlian  on  the 
other  photographs. 
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No  star  can  bo  found  in  tliiss  position  either  on  the  four 
photograplis  taken  b.v  Dr.  Koberts,  on  tlie  photograph 
taken  with  the  Yerkcs  24-incli  Reflector  on  October  l!l, 
1901,  (see  The  Decennial  rublications  of  the  University 
of  Chicago,  Volume  VIII,  Plate  XXIII),  or  on  any  of 


the  Harvard  pliotographs  mentioned  in  Circular  No. 
78.  Unless  there  is  a  mistake  in  the  position  as 
announced,  this  star  probably  resembles  No.  5  in  its 
manner  of  variation. 


It  Avill  1)0  noticed  that  the  right  ascensions  of  several  stars  in  the  above  table 
differ  sUirhtly  from  those  given  m  Circular  No.  78.  This  is  due  to  a  correction 
for  difference  in  precession,  at  different  declinations,  omitted  in  the  earUer  table. 

The  stars  m  Table  II  of  Circular  No.  78,  and  also  several  others  which  have 
been  suspected  of  vaTJaliility  here,  were  looked  for  on  the  pliotographs  taken  by 
Dr.  Roberts.  Tliirtcen  stairs,  found  to  be  certainly  variable,  have  been  confirmed  by 
Mrs.  Fleming,  and  are  given  in  Table  II,  in  which  Nos.  76,  78,  80,  88,  and  90  corre- 
spond to  Nos.  6,  8,  9,  ^4.  and  25,  in  Table  II  of  Circular  No.  78.  In  order  that  the 
enumeration  of  varialdes  in  this  region  may  be  continuous,  Nos.  1  to  9  in  Table  I 
of  Circuhu-  No.  79  have  been  inserted  in  Table  II,  and  the  numbers  72,  73,  74,  75, 
85  87,  91,  93,  and  94  have  l)een  assigned  to  them.  Wolf's  variables,  48,  1903  and 
11,  1904,  which  have  been  confirmed  here,  are  also  included  as  Nos.  95  and  92. 
In  Tal)le  II,  the  successive  columns  give  a  number  for  reference,  the  Bond  uuml)er, 
the  corrected  riu-ht  ascension  and  declination  for  1900,  the  brightest  and  faintest 
mao-nitudes  on  the  Harvard  plates,  and  the  brighest  and  faintest  magnitudes  on  the 
photographs  taken  l)y  Dr.  Roberts,  after  reducing  them  to  the  same  scale.  Nos. 
72,  73,  74,  75,  87,  89,  91,  92,  93,  94,  and  95  are  outside  the  region  covered  by  Dr. 
Roberts'  photographs. 


TABLE   II. 


II;i 

•ViUll. 

Kn 

bel-t.i. 

Harvard. 

Roberts.         1 

Xo.    BniKl. 

R.  A.  1900. 

Due-.  1900. 

1 

No. 

Bond. 

E.  A.  1900. 

Dec.  lOUO, 

Br. 

Ft. 

Br. 

Ft. 

Br. 

Ft. 

Br. 

Ft. 

72 

h.    m.       ». 

5  24     1. 

-6  ll's 

11.6 

<15.4 

84 

A.   m.        s. 

5  29  55. 

-5  46.4 

14.3 

14.6 

13.2 

14.0 

73 

25  18. 

-4  33.9 

12.4 

13.1 

85 

663 

30  25.4 

-5  24.8 

11.4 

12.5 

74 

27     5. 

-5     0.7 

10.0 

11.0 

86 

30  33. 

-6     5.4 

14.9 

<15.4 

14.1 

<14.5 

75 

27     8. 

-2  53.7 

9.0 

11.4 

87 

726 

30  32.8 

-6  51.7 

12.8 

13.5 

76 

216 

28  50.7 

-5  35.3 

13.0 

14.0 

13.1 

14.1 

88 

31     6. 

-6     1.3 

14.1 

14.5 

13.0 

<14.0 

77 

270 

29     7.4 

-5  40.7 

14.2 

14.5 

14.0 

14.3 

89 

866 

31     6.2 

-6  40.7 

14.2 

15.0 

78 

29  22. 

-5  36.5 

14.6 

15.0 

13.1 

14.2 

90 

31  38. 

-5  20.8 

14.6 

<ri5.o 

14.0 

<14.3 

79 

29  20. 

-5  38.0 

14.1 

14.7 

13.2 

14.1 

91 

1036 

32  21.6 

-6  38.6 

8.0 

10.2 

80 

361 

29  30.0 

-5     1.1 

14.2 

<15.0 

13.6 

14.3 

92 

32  35.6 

-1  49.9 

11.4 

14.9 

81 

29  30. 

-5     1.4 

13.6 

14.1 

13.7 

14.2 

93 

33  32. 

-2  48.0 

11.6 

13.2 

82 

29  31. 

-5     1.4 

14.8 

15.3 

13.9 

14.5 

94 

33  34. 

-2  47.5 

11.4 

14.2 

83 

478 

29  54.6 

-5  46.1 

12.9 

13.3 

12.4 

12.9 

95 

35  57.8 

-8     8.5 

13.7 

14.8 
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REMARKS.  3^'<r 


80,  81,  82.  There  is  not  sufficient  material  available  at 
present,  to  determine  whether  these  three  adjacent 
variables  change  relatirely  to  one  another. 


86.     A  star  of  the  magnitude  14.5   precedes  this  variable 

0».n  and  is  0.4'  north  of  it. 
01.     This  star  is    —6°  1259.      Observations   made   on   114 

plates  indicate  tliat  the  variations  are  irregular. 


Many  of  the  above  variables  appear  brighter,  even  at  minimum,  on  the  photo- 
graphs taken  by  Dr.  Roberts  than  on  the  Harvai-d  plates.  This  difference  may  be 
due  to  color,  the  selective  absorption  of  a  reflector  differing  greatly  from  that  of 
a  refractor. 

Attention  has  more  than  once  been  called  to  the  fact  that  on  different  plates  the 
images  of  extremely  faint  stars  often  show  apparent  changes  which  do  not  incUcate 
real  -,  ariability.  This  has  long  been  observed  here,  and  constantly  guarded  against, 
especially  in  the  present  stud}-  of  variables  in  nebulous  regions.  Usually  there  is 
no  doubt  in  the  mind  of  the  observer  as  to  whether  apparent  variation  is  real  or 
onl}'  photographic.  All  cases  admitting  of  the  slightest  doubt  have  fi-om  the  first 
been  excluded.  A  test  of  the  reaUty  of  the  changes  in  the  variables  annoimced, 
is  found  in  the  fact  that  some  regions,  nota])ly  that  surrounding  rj  Carinae,  have 
been  examined  on  plates  of  similar  quality  to  those  used  for  the  regions  of  Orion 
and  the  Magellanic  Clouds,  and  no  e\idence  found  of  any  general  tendency  to 
variability. 

EDWARD    C.   PICKERING. 

September  5,  1904. 
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THE   NINTH   SATELLITE   OF   SATURN. 

It  is  probable  that,  in  the  future,  there  will  be  no  difficulty  in  securing  a 
sufficient  number  of  observations  of  Phoebe,  the  Ninth  SateUite  of  Saturn,  not  only 
to  correct  the  present  elements,  but  to  study  the  large  and  mteresting  perturba- 
tions to  Avhich  it  is  subject.  It  can  be  observed  visually  with  the  largest  refi-actors, 
and  can  doubtless  be  photographed  with  large  reflectors,  as  well  as  with  the  Bruce 
Telescope,  by  the  aid  of  which  Professor  WiUiam  H.  Pickering  discovered  it.  Smce 
the  observations  enumerated  by  him  in  the  Harvard  Annals,  LIII,  55,  60,  Phoebe  has 
been  closelv  followed  bv  Professor  Bailey.  The  approximate  positions  obtamed  by 
him  mth  'the  Bruce  Telescope,  are  given  in  Table  I,  and  the  positions  found  by 
Professor  Barnard  visuaUy  on  August  8  and  September  12,  1904,  with  the.40-mch 
Yerkes  Telescope,  and  announced  in  the  Harvard  BuUetins,  Nos.  157  and  159,  are 
added,  to  bring  together  all  the  material  so  far  collected.  The  designation  of  the 
plate,'tlie  date,  Greenwich  Mean  Time,  exposure,  and  rectangular  coordinates  referred 
to  Saturn  as  an  origin,  are  given  in  the  successive  columns. 


Desig. 


A  6771 
A  6773 
A  6801 
A  6804 
A  6807 
A  6841 


Date. 


1904. 

June  18 
«      20 

July  6 
u  7 
«      11 

August  '2 


«.  M.  T. 


18  '20 
18  30 
16  15 
16  14 
16  58 
14  47 


120 
120 
120 
180 


TABLE    I. 

POSITIONS   OF    rnoKBE. 


120    +24.20 


+  23.84 


+  11.56 


+  6.65 
+  6.65 


+  1.85 


Desig. 


A  6844 
A  6846 

A  6854 
A  6856 


Date. 


19W. 

August  4 

u  5 

«  8 

«  15 

»  16 

Sept.  12 


14  44 
14  32 

18  0 

19  15 
18  51 
12  36 


+  10.86 
+  10.60 
+   9.70 


+  1.61 
+  1.37 

+  0.98 


+  6.83  i  +  0.15 
+  6.49  j  0.00 
+   5.93,-4.28 


For  some  unexplained  reason,  Phoebe  has  not  been  found  on  the  plates  Uken 
in  July.  The  record  for  the  plates  taken  in  August,  has  not  yet  been  received 
from  Arequipa. 


OIRCtTLAR    NO.    ST. 

A   NEW    VARIABLE   IN   HERCULES.  3  (=3 

The  meridian  photometer,  like  other  meridian  instrmnents,  is  not  adapted  to 
the  discovery  of  varialjle  stars.  It  may  therefore  be  of  interest  to  note  the  discovery 
of  such  an  object  by  the  writer,  with  the  12-inch  Meridian  Photometer.  On  August 
23,  1904,  while  measuring  the  star  +  24°  3419,  magn.  9.4,  it  was  noticed  that  a 
brighter  star,  ha-\ang  the  photometric  magnitude  9.5,  and  not  in  the  Bonn  Durch- 
mustenmg,  preceded  it.  An  examination,  the  next  day,  of  the  photogi-aphs  of  this 
region,  at  once  showed  that  the  star  was  a  variable  of  long  period  ha\ing  a  range 
extencUng  at  least  from  the  magnitude  9.5  to  <13.  The  approximate  position  for 
1855,  is  R.A.  18"  20™  26^0  Dec.  +  24°  56'.4. 

EDWARD   C.  PICKERING. 

Septemuer  12.   1904. 


Harvard  College  observatory. 
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A  NEW   ALGOL  VARIABLE.    -15°  4905. 

In  the  course  of  can  examination  of  plates  in  the  region  of  Sagittarius,  a  star 
which  usually  appeared  to  be  constant  in  brightness  was  noticed  by  Miss  Leavitt 
to  be  half  a  magnitude  fainter  than  usual  on  one  of  the  plates.  Additional  plates 
were  examined,  and  the  star  was  found  to  be  a  variable  of  the  Algol  type.  Over 
three  hundred  plates  were  available  for  the  study  of  the  new  object,  on  twenty- 
eight  of  which  it  is  fainter  than  the  normal  brightness,  magnitude  9.55.  In  three 
cases,  it  appears  faint  on  two  plates  taken  during  the  same  night,  so  that  twenty- 
five  different  mimnima  have  been  observed.  The  observations  iuchcate  that  the 
times  of  minmium  may  be  represented  by  the  formula  J.  D.  2,410,002.677  + 
3  45348  E.  An  mteresting  feature  in  the  variation  is  found  in  the  fact  that  a 
secondary  minimum  occurs  midway  between  the  primary  minima  represented  by 

the  formula. 

The  observations  when  the  variable  was  faint  are  given  in  Tal)le  I,  m  which 
seven  plates,  taken  during  the  secondary  mininnnn  which  occurred  on  the  night 
of  September  28,  are  included.  The  first  three  columns  give  the  year,  month,  and 
day  on  which  the  plate  was  taken,  the  Greenwich  Mean  Time  of  the  centre  of  the 
exposure,  and  the  Julian  Day  and  fraction,  following  Greenwich  Mean  Noon.  The 
fourth  column  contains  the  observed  magnitude,  and  the  fifth  the  number  of  the 
epoch  The  sixth  colmnn  gives  the  residual  found  by  subtracting  the  computed 
time  of  mmimum  fi-om  the  observed  time,  secondary  minima  bemg  enclosed  m 
parentheses.     The  last  column  gives  the  residual  expressed  in  magnitudes  from  the 

assumed  Ught  curve. 

The  majority  of  the  observations  satisfy  the  adopted  fornn;la  very  weU, 
especiaUy  when'  it  is  considered  that  on  a  large  proportion  of  the  plates  the 
variable  is  near  the  edge,  so  that  the  observations  are  somewhat  uncertani.  On 
J  D  5224.578,  correspondmg  to  the  phase  +0.240,  the  observed  magnitude  was 
9  85       Although  the  variable  is  near  the  edge  of  the  plate,  the  image  is  good, 
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and  appears  to  be  actually  faint.  Tliis  observation,  if  correct,  suggests  a  longer 
dm-ation  of  the  eclipse  than  is  indicated  b}-  the  other  observations.  The  image 
on  the  plate  taken  on  J.  D.  5890.823  appears  to  be  defective,  but  the  variable  is 
certainlv  faint. 


TABLE  I. 
OBSERVATIONS   NEAR   MIXIMUJI. 


p,,tl. 

G.  M.  T. 

J.  D. 

>Ia^. 

Epoch. 

Phase. 

Kesiil. 

1889 

7 

6 

A. 

15 

26 

1190.643 

10.37 

344 

-0.031 

-0.08 

1890 

8 

2 

14 

13 

1582.592 

9.85 

457 

(-0.052) 

+  0.02 

1893 

5 

1 

20 

54 

2585.871 

10.31 

748 

-0.009 

-0.20 

„ 

„ 

(1 

21 

8 

2585.881 

10.51 

748 

+  0.001 

-0.04 

1895 

5 

29 

19 

50 

3343.826 

9.97 

967 

(-0.092) 

+  0.17 

1896 

7 

1 

16 

19 

3742.680 

10.11 

1083 

-0.116 

+  0.10 

,4 

10 

13 

12 

21 

3846.515 

9.81 

1113 

+  0.115 

-0.18 

1897 

6 

1 

19 

43 

4077.822 

10.58 

1180 

+  0.039 

+  0.03 

„ 

8 

30 

12 

38 

4167.526 

<10.2 

1206 

-0.048 

'  • 

1898 

10 

8 

12 

35 

4571.524 

9.99 

1323 

-0.107 

-0.07 

1899 

6 

10 

18 

43 

4816.780 

10.45 

1394 

-0.048 

+  0.07 

u 

7 

25 

15 

10 

4861.632 

10.26 

1407 

-0.091 

+  0.08 

„ 

9 

27 

12 

31 

4925.522 

9.79 

1425 

(-0.091) 

+  0.00 

1900 

5 

11 

19 

56 

5151.831 

10.63 

1491 

+  0.015 

+  0.08 

„ 

u 

18 

20 

13 

5158.842 

9.92 

1493 

+  0.119 

-0.04 

1901 

6 

21 

14 

49 

5557.617 

9.78 

1608 

(+0.017) 

-0.05 

u 

„ 

26 

14 

49 

5562.739 

10.11 

1610 

-0.041 

-0.30 

u 

7 

17 

15 

10 

5583.632 

10.19 

1616 

+  0.131 

+  0.41 

1902 

5 

15 

17 

29 

5885.730 

9.72 

1703 

(  +0.050) 

-0.02 

« 

(1 

20 

19 

45 

5890.823 

11.12 

1705 

-0.037 

+  0.70 

u 

„ 

27 

16 

45 

5897.698 

10.09 

1707 

-0.069 

-0.18 

« 

ic 

„ 

19 

27 

5897.810 

10.39 

1707 

+  0.043 

-0.15 

u 

7 

11 

16 

51 

5942.702 

10.41 

1720 

+  0.039 

-0.15 

(. 

8 

25 

12 

37 

5987.526 

10.40 

1733 

-0.032 

-0.05 

1903 

7 

12 

15 

25 

6308.642 

10.17 

1826 

-0.089 

±0.00 

u 

« 

u 

16 

33 

6308.690 

10.17 

1826 

-0.041 

-0.24 

1904 

6 

11 

18 

40 

6643.778 

10.77 

1923 

+  0.059 

+  0.27 

u 

u 

18 

16 

59 

6650.708 

10.29 

1925 

+  0.082 

-0.06 

u 

9 

28 

12 

20 

6752.514 

9.69 

1954 

(  +0.010) 

-0.15 

u 

it 

« 

12 

32 

6752.522 

9.73 

1954 

(+0.019) 

-0.10 

« 

a 

u 

12 

45 

6752.531 

9.68 

1954 

(  +  0.027) 

-0.18 

u 

u 

« 

12 

56 

6752.539 

9.71 

1954 

(+0.035) 

-0.08 

u 

u 

« 

13 

8 

6752.547 

9.72 

1954 

(+0.043) 

-0.05 

u 

u 

u 

13 

21 

6752.556 

9.81 

1954 

(+0.052) 

+  0.04 

" 

" 

" 

13 

34 

6752.565 

9.73 

1954 

(+0.061) 

±0.00 
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TABLE    II. 

COJIPARISOX   STARS. 


Tlie  comparisou  stars  employed  are  given  in  Table  II.     The  successive  columns 
give    the    designation,  the    catalogue    number,   the  uncorrected   rectangular  coordi- 
nates, expressed  in  seconds  of  arc  and  re- 
ferred to  the  variable  as  an  origin,  and 
the  adopted  photographic  magnitude. 

Although  the  time  in  which  the 
variable  can  be  olaserved  during  the 
present  year  is  short,  it  is  hoped  that 
sufficient  observations  may  be  secured 
to  inchcate  what  corrections  should  be 
apphed  to  the  above  formula.  An 
ephemeris  is  therefore  given  in  Table 
III.  The  two  columns  contain  the  dates 
and  the  times  following  Greenwich  Mean 
Noon    of     the     primary    and     secondary 

minima,    respectively.      After    December    10,   the    variable    will    be    too    near   the 
Sun  for  observation. 


Dcs. 

DM. 

X 

y 

Magn. 

a 

-15°  4908 

+    358.8 

-  738.0 

9.00 

b 

-15°  4906 

-       9.0 

-498.0 

9.42 

c 

-15°  4901 

-    405.0 

+  106.2 

9.67 

d 

-15°  4903 

-   252.0 

-472.8 

9.89 

e 

.... 

+    612.0 

-682.8 

10.49 

f 

-15°  4914 

+  1251.0 

-363.6 

10.77 

S 

-   306.0 

-193.8 

11.32 

TABLE    III. 

EPHEMERIS   FOR   MINIMA. 


rrim.  Mill. 

Seconil.  Mill. 

I'lim.  Mill. 

Second.  Mill. 

Prim.  Miu. 

Sccoiul.  Mill. 

1904. 

1904. 

1904. 

1904. 

1904. 

1904. 

d.      h. 

m.. 

d.      h.      m. 

d.      h. 

m. 

d.       h.       m. 

d.     h.       m. 

d.      h.      m. 

Oct.    10  14 

11 

Oct.    12     7  38 

Oct.    31     7 

30 

Nov.     2     0  56 

Nov.  21     0  48 

Nov.  22  18  14 

»      14     1 

4 

«      15  18  29 

Nov.     3  18 

21 

5  11  48 

«      24  11  40 

«      26     5     7 

»      17  11 

57 

u      19     5  24 

«        7     5 

16 

8  22  41 

u      27  22  34 

«      29  16     0 

u      20  22 

50 

«      22  16  16 

«      10  16 

7 

»      12     9  34 

Dec.      1     9  26 

DEC     3     2  53 

»      24     9 

43 

«      26     3  10 

u      14     3 

2 

u      15  20  27 

4  20  19 

6  13  46 

u      27  20 

36 

«      29  14     2 

u      17  13 

54 

«      19     7  20 

8     7  12 

«      10     0  39 

This  variable  star  is  of  interest  since  its  light  curve  is  intermediate  between 
that  of  Y  Cygni  and  Z  Herculis.  The  secondary  minimum  of  the  first  of  these 
stars  is  nearly  as  marked  as  the  primary  minimum.  The  secondary  minimum  of 
Z  Herculis  is  barely  perceptible,  and  does  not  ditfer  from  full  brightness  by  much 
more  than  a  tenth  of  a  magnitude.  This  difference  in  the  case  of  — 15°  4905  is 
about  three  tenths  of  a  magnitude. 

EDWARD   C.   PICKERING. 


October  7,  1904. 
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THE   NOVEMBER   METEORS   OF    1904. 

Visual  observations  of  the  Leonids  were  made  on  the  night  of  November  14-15, 
by  Professor  William  H.  Pickering,  Professor  Oliver  C.  Wendell,  Mr.  J.  A.  Dunne, 
Mr.  H.  R.  Colson,  and  Mr.  Leon  Campbell,  according  to  a  plan  proposed  by  Pi'o- 
fessor  W.  H.  Pickering,  who  has  prepared  the  following  report :  — 

"The  night  of  November  14-15,  was  very  clear  at  Cambridge,  and  five  observers 
took  pai't  in  watching  for  the  Leonids.  One  observer  devoted  most  of  his  attention 
to  recording  for  the  others,  from  two  to  four  of  whom  were  constantly  on  the 
watch.  Only  the  eastern  half  of  the  sky  was  co^■ered.  A  systematic  search  for 
Leonids  has  been  made  every  year  at  the  Harvard  Observatory  since  1897,  with  the 
exception  of  the  year  1903.  The  largest  number  of  meteors  observed  in  a  single 
night  was  in  1898,  when  with  the  aid  of  30  observers,  watching  the  whole  sky, 
781  were  recorded.  Three  years  later  in  1901  four  observers  coimted  431  meteors 
in  the  eastern  half  of  the  skv. 

''  Owing  to  the  fact  that  the  j'ear  does  not  contain  exactly  365  days,  and  also 
owing  to  the  gradual  advance  of  the  node  of  the  orbit  of  the  meteors,  the  shower 
appears  about  seven  hours  later  each  year.  After  an  interval  of  three  to  four  years 
we  should  therefore  expect  a  return  of  the  shower  in  any  given  longitude.  Counting 
fi'om  1898  as  an  origin  the  shower  would  not  have  been  due  before  1905,  but  as  an 
unusual  numlier  of  Leonids  was  seen  last  year  in  England,  it  was  expected  that  a 
considerable  number  might  be  observed  here  this  year.  In  this  we  were  not  dis- 
appointed for  275  meteors  were  counted,  183  of  which  Avere  Leonids,  a  much  larger 
uumljer  than  had  been  seen  in  any  previous  year  save  the  two  already  mentioned. 

"  The  search  began  at  twelve  o'clock  with  two  observers.  Ten  meteors  were 
counted  in  the  first  39  minutes,  giving  an  hourly  rate  of  15.  The  rate  steadih"  and 
rapidh'  increased  until  in  the  nine  minutes  preceding  14'',  with  three  observers,  the 
meteors  were  coming  at  the  rate  of  134  per  hour.  A  fine  shower  seemed  imminent, 
but  suddenly  the  rate  fell  off,  averaging  only  between  50  and  60  for  the  rest  of  the 
night.     Apparently  the   p]ai-th  passed  out  of    the  denser  portion  of   the  swarm  at 
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about  14''  Eastern  Standard,  or  19''  G.M.T.  It  is  possible  tliat  observers  to  the  east 
of  us  may  have  liad  a  fine  display  this  year,  and  it"  so,  we  shall  expect  more  next 
November. 

'•  Beginning  at  14''  30™  an  individual  account  was  kept  by  each  observer.  The 
mean  of  these  four  accounts  was  taken,  and  the  mean  hourly  rate  for  a  single 
observer  thereby  determined.  At  14''  40™  this  rate  was  40  meteors  per  hour.  At 
lo''  it  was  36  meteors,  at  15'^  20'",  29  meteors,  at  15''  40'",  28  meteors,  at  16"  00'", 
20  meteors,  at  16"  20'",  25  meteors,  at  16"  40'",  24  meteors,  and  at  17"  00'"  it  had 
again  risen  to  28  meteors. 

•■  Thirty-five  meteors  were  observed  of  the  first  magnitude  or  Ijrighter,  none  how- 
ever exceeding  magnitude  —  2.  Generally  at  the  moment  of  explosion  their  heads 
were  blue  or  white,  Ijut  in  at  least  two  cases  the  color  was  clearly  red  or  orange, 
indicating  presumably  a  different  chemical  constitution. 

"  The  radiant  olnaously  extended  over  a  considerable  area,  perhaps  8°  in  diameter, 
and  seemed  to  be  double,  many  meteors  coming  from  R.A.  =  9"  56'",  Dec.  =  +  24°, 
;in<l  many  more  from  R.A.  =  9"  40'",  Dec.  =  +  26°.  William  H.  Pickering." 

Preparations  for  photographing  the  meteors,  if  large  numbers  of  them  appeared, 
had  been  made  by  Mr.  King.  The  following  plan  was  carried  out  during  the  latter 
part  of  the  night,  as  the  radiant  point  in  Leo  was  below  the  horizon  early  in  the 
evening.  The  11-inch  Draper  Telescope  was  used  in  photographing  the  spectra  of 
stars  preceding  the  I'adiant  point  of  the  meteors,  and  in  nearly  the  same  declination. 
This  was  done  so  that,  if  a  Ijright  meteor  crossed  the  field,  its  spectrum  might  be 
photographed,  and  that  the  lines  might  Ije  at  right  angles  to  the  spectrum.  Photo- 
graphs of  the  spectra  of  stars  near  the  radiant  point  were  taken  with  the  8-inch 
Draper  Telescope,  since  the  slow  motion  of  meteors  in  that  portion  of  the  sky  would 
permit  fainter  objects  to  be  photographed.  The  Cooke  Auastigmat,  and  the  Ross- 
Zeiss  wide  angle  lenses  were  kept  at  work  photographing  the  region  including  the 
racUant  point.  Photographs  of  the  stars  crossing  the  meridian  were  also  taken  all 
night,  as  usual,  with  the  transit  photometer.  Besides  these  instruments  which  are 
regularly  in  use  throughout  every  clear  night,  two  telescopes,  one  having  a  second 
Cooke  Auastigmat  with  an  objective  prism,  and  the  other  a  Morrison  wide  angle 
lens,  were  directed  to  the  zenith. 

Notwithstanding  the  large  portion  of  the  sky  covered  by  these  photographs,  the 
trail  of  only  one  Leonid  was  found  on  them.  The  positions,  for  1855,  of  its  two  ends 
are  R.A.  =  9"  17'".2,  Dec.  =  +  28°  57',  and  R.A.  =  9"  8'".8,  Dec.  =  +  29°  52'.  A  more 
careful  measure  showed  that  the  meteor  passed  through  a  point  whose  po.sition  is 
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R.A.  =  9''  57™.0,  Dec.  =  +  2-4°  14'.  The  right  ascension  was  assumed,  and  the  average 
deviation  of  the  measures  of  the  declination  was  only  =t  1'.  It  will  be  seen,  there- 
fore, that  the  radiant  point  was  not  only  north  of  that  found  in  Volume  XU,  No.  V, 
but  north  of  that  given  by  Denning,  +  2.3°. 1.  A  bright  meteor  was  seen  by 
Mr.  King  a  little  befoi-e  three  o'clock,  in  Leo  near  the  "  Sickle,"  but  no  sign  of  it 
appears  on  the  plates  exposed  at  that  time  with  the  Cooke  and  Ross-Zeiss  lenses. 
It  may  perhaps,  therefore,  be  inferred  from  this,  that  it  is  at  present  only  possible  to 
photograph  meteors  which  are  moving  slowly,  or  are  unusually  bright.  A  second, 
much  brighter  and  longer,  meteor  trail  was  photographed  early  in  the  evening. 
The  positions,  for  1855,  of  its  two  ends  are  R.A.  =  4'' 52"'.5,  Dec.  =  +  0°  52',  and 
R.A.  =  5''  10'". 7,  Dec.  =  —  4°  39'.     It  was  therefore  not  a  Leonid. 

EDWARD   C.   PICKERING. 

XovEMP.Ei:  2G,   1904. 


Hakvard  College  observatory. 
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105   NEW   VARIABLE   STARS  IN   SCORPIUS. 

The  investigation  of  large  nebulous  regions,  described  in  Circulars  Nos.  78,  79, 
82,  and  86,  has   been    continued   by  Miss  Henrietta  S.  Leavitt,   with    the   results 

given  in  this  Circular. 

In  no  respect  has  the  results  of  photography  been  more  striking  than  m  the 
revelation  of  diffused  nebulae  of  vast  extent  whose  faintness  renders  them  almost 
beyond  the  reach   of   vdsual   observation.      One  of   the  most  remarkable  of   these 
extends  over  many  square  degrees  m  the  constellations  of  Scorpius  and  Ophmchus. 
Like  the  Nebula  of  Orion,  it  atUches  itself  to  individual  stars,  the  prmcipal  con- 
densation being  about  the  quadruple  star,  p  Ophiuchi.     The  region  is  marked  by  a 
noticeable  absence  of  stars  of  the  fainter  magnitudes,  and  dark  lanes  can  be  traced 
in  different  directions  for  a  considerable  distance  beyond  the  visible  nebulosity.     A 
cursorv  exammation  of  a  part  of  this  region  has  led  to  the  discovery  of  seventy- 
two  new  variable  stars,  besides  the  known  variables,  R,  S,  W,  X,  Y,  RX  and  RZ 
Scorpii    and  No.  1  in  the  cluster  N.G.C.  6093.     The  position,  R.  A.  =  16"  23™  39% 
Dec  =-19°  7'.1  (1900),  does  not  differ  greatly  from  R.  A.  =  16"  23'"  49%  Dec.  = 
-19°  13' 3  (1900),  which  is  that  given  for  Y  Scorpii  by  its  discoverer.  Dr.  Peters. 
As  Hartwig  states  that  the  position  of  Y  Scorpii  is  uncertain,  it  is  assumed  that 
the   two  positions  refer  to  the   same  object.      Thirty-three   plates  were  exaimned. 
Of  these,  twenty-six  were  taken  with  the  24-inch  Binice  Telescope,  uith  exposm-es 
of  from  60  to  273  minutes,  and  seven  were  taken  with  the  8-inch  Bache  Telescope, 
with  exposures  of   from  45  to   150  minutes.      In    the   region  extendmg   in    right 
ascension  from  about   16"  0™   to   16"  20»,  and  in   dechnation  from  about  -18    to 
-23°    it  is  improbable  that  any  large  number  of  variables,  which  at  maximum  are 
brighter  than  the  fourteenth  magnitude,  have  been  overlooked.      The  region   ex- 
tending in  right  ascension  from  about  16"  25"'  to  16"  45"",  and  in  declination  from 
about  -25°  to  -30°,  has  also  been  fairly  weU  covered,  especially  in  the  following 
portion.      A  few   variables    outside   of   the    above    limits   are   in   regions   tor   which 
there  was  Init  little  material  available  for  examination. 
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lu  Table  1,  the  successive  columns  give  a  number  for  reference,  the  right 
ascension  and  declination  for  1900,  the  brightest  and  faintest  observed  magnitudes, 
according  to  a  provisional  scale,  and  the  range. 


TABLE  I. 

VARIABLE   STARS   IN   S'CORPIUS. 


No. 

R.  A.  1900. 

Dec.  1900. 

Br. 

Ft. 

K. 

No. 

K. 

A.  1900. 

Dec.  1900. 

Br. 

Ft. 

K. 

1 

A.  m. 

15  57 

34 

-23  18.4 

12.8 

<15.0 

2.2 

37 

A. 

16 

25 

28 

-27  41.7 

12.2 

<13.6 

1.4 

2 

16  1 

6 

-21  54.0 

13.5 

14.4 

0.9 

38 

16 

26 

40 

-26  10.4 

11.8 

<15.0 

3.2 

3 

16  1 

10 

-23  24.0 

12.9 

14.0 

1.1 

39 

16 

27 

13 

-25  58.6 

11.8 

18.7 

1.9 

4 

16  1 

45 

-23  2.6 

11.3 

14.5 

3.2 

40 

16 

27 

38 

-26  32.2 

12.2 

14.8 

2.6 

5 

16  1 

52 

-23  47.6 

12.3 

13.9 

1.6 

41 

16 

28 

2 

-26  24.2 

11.7 

13.1 

1.4 

6 

16  2 

35 

-21  49.1 

12.4 

14.2 

1.8 

42 

16 

29 

4 

-26  16.5 

11.2 

15.0 

3.8 

7 

16  3 

42 

-21  37.9 

13.0 

13.6 

0.6 

43 

16 

30 

41 

-29  31.8 

12.8 

<15.0 

2.2 

8 

16  4 

18 

-22  27.3 

11.8 

13.3 

1.5 

44 

16 

30 

52 

-  27  6.5 

12.2 

<15.0 

2.8 

9 

16  4 

27 

-23  50.4 

11.2 

13.1 

1.9 

45 

16 

31 

12 

-27  53.6 

13.7 

<15.0 

1.3 

10 

16  4 

52 

-22  48.2 

10.7 

14.8 

4.1 

46 

16 

31 

32 

-  29  6.9 

13.2 

14.2 

1.0 

11 

16  6 

7 

-19  40.3 

13.0 

14.2 

1.2 

47 

16 

31 

58 

-28  22.0 

10.5 

<15.0 

4.5 

12 

16  6 

36 

-20  40.4 

11.4 

12.2 

0.8 

48 

16 

32 

37 

-27  49.4 

13.5 

<15.0 

1.5 

13 

16  8 

46 

-21  27.1 

11.2 

14.3 

3.1 

49 

16 

34 

48 

-27  15.9 

10.9 

<14.5 

3.6 

14 

16  9 

8 

-21  30.6 

11.1 

12.1 

1.0 

50 

16 

36 

37 

-24  84.2 

10.5 

12.0 

1.5 

15 

16  9 

37 

-24  46.0 

12.3 

15.5 

3.2 

51 

16 

38 

16 

-27  49.9 

13.1 

14.1 

1.0 

16 

16  9 

38 

-22  28.1 

11.2 

12.8 

1.6 

52 

16 

38 

42 

-24  55.6 

11.2 

12.8 

1.6 

17 

16  10 

10 

-23  21.3 

12.3 

13.7 

1.4 

53 

16 

38 

46 

-28  43.2 

13.6 

14.5 

0.9 

18 

16  10 

58 

-21  24.3 

12.9 

13.6 

0.7 

54 

16 

39 

1 

-26  41.5 

12.6 

13.8 

1.2 

19 

16  12 

11 

-21  34.6 

13.4 

<15.0 

1.6 

55 

16 

39 

30 

-28  1.7 

10.9 

13.0 

2.1 

20 

16  12 

22 

-20  57.4 

12.4 

14.2 

1.8 

56 

16 

39 

43 

-29  31.9 

18.6 

14.9 

1.3 

21 

16  13 

28 

-22  7.0 

11.8 

<15.0 

3.2 

57 

16 

40 

23 

-27  12.4 

10.7 

14.8 

4.1 

22 

16  13 

42 

-23  10.0 

10.8 

12.3 

1.5 

58 

16 

40 

25 

-29  57.5 

13.8 

<14.8 

1.0 

23 

16  14 

36 

-23  0.2 

12.9 

14.1 

1.2 

59 

16 

40 

29 

-27  56.8 

13.6 

<14.8 

1.2 

24 

16  15 

2 

-21  17.4 

11.7 

12.4 

0.7 

60 

16 

41 

6 

-30  15.7 

12.5 

13.5 

1.0 

25 

16  15 

32 

-21  53.1 

11.6 

12.3 

0.7 

61 

16 

41 

8 

-28  1.9 

14.2 

14.8 

0.6 

26 

16  15 

48 

-22  39.1 

13.6 

14.7 

1.1 

62 

16 

41 

15 

-29  25.3 

13.9 

14.5 

0.6 

.27 

16  16 

42 

-20  44.3 

13.3 

14.7 

1.4 

63 

16 

42 

12 

-29  56.9 

12.8 

13.8 

1.0 

28 

16  18 

14 

-22  16.0 

12.3 

12.8 

0.5 

64 

16 

43 

5 

-27  2.6 

13.0 

<15.0 

2.0 

29 

16  19 

21 

-24  15.9 

12.5 

12.9 

0.4 

65 

16 

43 

36 

-27  16.2 

13.7 

14.9 

1.2 

30 

16  20 

43 

-22  5.6 

12.9 

<15.5 

2.6 

66 

16 

43 

36 

-29  24.1 

11.3 

11.8 

0.5 

31 

16  20 

50 

-22  0.3 

13.0 

13.8 

0.8 

67 

16 

43 

56 

-28  17.2 

10.9 

<14.7 

3.8 

32 

16  21 

1 

-31  4.7 

10.6 

<14.7 

4.1 

68 

16 

44 

4 

-27  49.6 

13.0 

14.0 

1.0 

33 

16  22 

6 

-21  22.1 

12.1 

13.0 

0.9 

69 

16 

44 

9 

-28  1.2 

13.6 

14.5 

0.9 

34 

16  22 

21 

-21  32.8 

12.0 

12.9 

0.9 

70 

16 

44 

17 

-25  23.4 

10.9 

<15.0 

4.1 

35 

16  28 

8 

-29  48.3 

13.8 

14.7 

0.9 

71 

16 

44 

38 

-27  47.6 

13.8 

14.8 

1.0 

36 

16  23 

13 

-20  1.0 

12.4 

13.5 

1.1 

72 

16 

46 

18 

-28  22.8 

12.2 

<15.0 

2.8 
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REMARKS. 


No.  10.     This  star  is  C.  DM.  -22°  11391. 

No.  29.     In  a  strongly  nebulous   region.      Variation  well 

seen,  though  small. 
No.  36.     The  variation,  altliough  well  seen,  is  less  marked 

than  the  estimated  magmtudes  would  indicate.      The 

variable  is  near  the  edge  of  the  plates,  and  difficult  to 

observe. 
No.  3S.     \  star  of  about  the  magnitude  14.5  precedes  the 

variable  about  1*.5,  and  is  south  of  it  about  0'.8. 
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No.  39.     The  northern  and  preceding  of  two  stars. 

No.  49.     This  star  is  C.  DM.  -27°  11069. 

No.  .50.     This  star  is  C.  DM.  -24°  12774. 

No.  55.     The  following  of  two  stars. 

No.  66.     Variation  well  seen,  though  small. 

No.  69.  The  central  star  of  a  line  of  three  having  nearly 
the  same  declination. 

No.  72.  .\  star  of  the  fifteenth  magnitude  is  about  2'  fol- 
lowing, and  0'.7  north. 


Nos.  7,  11,  17,  18,  26,  27,  and  62,  are  apparently  variable  stai-s  of  shoi't 
period,  but  the  majority  of  the  others  will  perhaps  be  found  to  have  long  periods. 
These  variables  are,  in  general,  brighter  at  maximum  than  those  announced  in 
Circulars  Nos.  78,  79,  and  82.  The  range  of  variation  is  greater,  twenty-one 
sho^ving  changes  of  two  magnitudes  or  more.  It  cannot  be  determined  whether 
many  of  these  variable  stars  are  cUrectly  connected  with  the  nebula,  as  only 
one  of  them,  No.  29,  is  in  a  strongly  nebulous  region.  Very  few  faint  stars  are 
seen  in  such  regions,  excepting  on  one  plate,  which  was  exposed  for  273  minutes. 

An  open  and  rather  irregular  globular  cluster,  Messier  4  (N.G.C.  6121),  is 
situated  at  the  edge  of  the  nebula,  near  a  Scorpii.  Two  variable  stars  were 
discovered  in  it  during  the  general  e.xamination  of  the  region,  and  seven  others 
were  noticed  while  these  were  being  observed.  This  led  to  a  careful  examination 
of  the  cluster,  by  Pi-ofessor  Bailey's  method,  as  described  in  Volume  XXXVIII 
of  the  Annals.  Eight  plates,  four  of  which  were  taken  with  the  24-inch  Bruce 
Telescope,  and  four  with  the  8-inch  Bache  Telescope,  were  used.  Within  a  radius 
of  fifteen  minutes  from  the  centre  of  the  cluster,  in  an  area  of  706  square  minutes, 
334  stars  were  counted,  and  32  variables  found  besides  No.  33,  which  is  seventeen 
minutes  from  the  centre.  Five  other  stars  are  suspected,  and  will  probably  be 
confirmed  as  variable  when  additional  photographs  can  be  examined.  These  varia- 
bles and  several  catalogue  stars  are  given  in  Table  II.  The  first  two  columns  give 
the  designation  and  the  number  in  the  Cordoba  Durchmusterung.  In  the  third 
and  fourth  columns  are  given  the  coordinates  referred  to  the  assumed  centre  of 
the  cluster,  and  expre.^^sed  in  seconds  of  arc.  They  depend  upon  eye  estimates, 
but  are  probably  correct  within  three  seconds  of  ai-c.  No  correction  has  been 
made  for  the  scale  and  orientation  of  the  enlargement  used.  These,  however,  may 
be  determined  from  the  catalogue  stars.  The  last  three  columns  give  the  brightest 
and  faintest  observed  magnitudes,  and  the  range. 
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TABLE    II. 
VARIABLE    STARS    IN    N.G.C.    6121. 


Des. 

Cat.  No. 

' 

y 

Br. 

Ft. 

R. 

Des. 

Cat.  No. 

- 

y 

Br. 

Ft. 

R. 

A 

-26°  11305 

-379 

_ 

1053 

15 

-  32 

+  436 

12.7 

13.7 

1.0 

B 

-26°  11310 

-152 

+ 

564 

16 

-  29 

+  69 

12.8 

13.8 

1.0 

C 

-26°  11316;+  61 

- 

204 

17 

-  8 

+  20 

13.2 

13.7 

0.5 

D 

-25°  11495 

+  184 

+ 

924 

18 

+  4 

+  27 

13.0 

13.7 

0.7 

E 

-26°  11329 

+  881 

- 

1029 

19 

+  11 

+  358 

12.6 

13.6 

1.0 

1 

-281 

+ 

42 

13.0 

13.5 

0.5 

20 

+  13 

-  63 

13.0 

13.4 

0.4 

2 

-248 

- 

195 

13.0 

13.9 

0.9 

21 

+  19 

-  4 

13.0 

13.7 

0.7 

3 

-208 

— 

507 

12.6 

13.6 

1.0 

22 

+  34 

+  80 

13.1 

13.7 

0.6 

4 

-26°  11309 

-185 

- 

340 

10.7 

12.0 

1.3 

23 

+  38 

-  26 

12.9 

13.4 

0.5 

5 

-185 

- 

93 

13.1 

13.4 

0.3 

24 

+  49 

+  48 

12.4 

13.9 

1.5 

6 

-115 

+ 

318 

13.1 

13.5 

0.4 

25 

+  70 

+  70 

12.9 

13.6 

0.7 

7 

-113 

+ 

231 

12.9 

13.8 

0.9 

26 

+  94 

-  72 

12.1 

13.7 

1.6 

8 

-110 

+ 

111 

13,0 

13.7 

0.7 

27 

+  118 

+  255 

12.7 

13.7 

1.0 

9 

-104 

+ 

105 

13.1 

13.7 

0.6 

28 

+  259 

+  84 

12.9 

13.5 

0.6 

10 

-  68 

+ 

159 

12.7 

13.7 

1.0 

29 

+  326 

+  598 

12.4 

13.7 

1.3 

11 

-  64 

- 

297 

12.0 

13.4 

1.4 

30 

+  340 

-  69 

13.0 

1.S.5 

0.5 

12 

-  53 

- 

207 

12.7 

13.9 

1.2 

31 

+  353 

+  45 

11.9 

13.5 

1.6 

13 

-  47 

+ 

270 

12.0 

12.6 

0.6 

32 

+  746 

-  40 

12.6 

13.5 

0.9 

14 

-  47 

— 

244 

13.1 

14.2 

1.1 

83 

+  805 

+  630 

12.5 

13.2 

0.7 

EDWARD   C.   PICKERING. 


December  S.  1904. 


Harvard  College  observatory. 
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SIXTEEN   NEW   VARIABLE   STARS  IN   SAGITTARIUS. 

The  Trifid  Nebula  is  near  the  centre  of  a  large  number  of  the  plates  taken  for 
the  study  of  Phoebe,  the  Ninth  SatelUte  of  Saturn.  A  careful  search  for  variable 
stars  m  this  interesting  region  has  been  made  by  Miss  Leavitt.  Seventeen  plates 
taken  with  the  24-inch  Bruce  Telescope,  and  having  exposures  of  from  one  to  three 
hours,  have  been  examined.  The  extent  of  the  region  covered  has  been  increased 
by  the  use  of  fourteen  plates,  taken  mth  the  8-inch  Bache  Telescope,  and  ha^dng 
exposures  of  from  forty-five  to  sixty  ndnutes.  There  seems  to  be  no  evidence  that 
variable  stars  are  present  in  large  numbers  in  this  region. 

In  the  table  the  successive  columns  give  a  current  number,  the  right  ascension 
for  1900,  the  declination  for  1900,  the  brightest  magnitude,  the  faintest  magnitude, 
and  the  range  of  variation. 

VARIABLE   STARS   IN   SAGITTARIUS. 


No. 

K.  A.  1900. 

Dec.  1900. 

Br. 

Ft. 

K. 

No. 

R.  A.  1900. 

Dei-.  1900. 

Br. 

Ft. 

R. 

1 

A.   m.  s. 

17  46  3 

-22  35.3 

12.0 

14.7 

2.7 

9 

A.   m.  s. 

18  2  1 

-22  14.1 

9.5 

11.9 

2.4 

2 

17  47  8 

-21  44.6 

12.2 

14.7 

2.5 

10 

18  2  20 

-22  57.3 

13.7 

14.6 

0.9 

3 

17  49  6 

-21  48.5 

12.6 

13.9 

1.3 

11 

18  2  24 

-23  4.8 

14.0 

15.1 

1.1 

4 

17  51  8 

-19  19.5 

10.5 

<14.5 

4.0 

12 

18  6  7 

-20  43.4 

10.9 

12.8 

1.9 

5 

17  54  22 

-21  7.7 

12.1 

13.6 

1.5 

13 

18  8  44 

-29  44.2 

10.6 

12.1 

1.5 

6 

17  57  16 

-26  28.6 

11.0 

12.3 

1.3 

14 

18  16  49 

-27  28.4 

11.5 

<13.0 

1.5 

7 

17  58  24 

-22  57.5 

13.4 

14.5 

1.1 

15 

18  17  26 

-18  37.4 

10.4 

11.4 

1.0 

8 

17  58  45 

-22  44.1 

10.9 

12.0 

1.1 

16 

18  17  46 

-30  38.8 

10.6 

12.0 

1.4 

REMARKS. 


5.  Probably  of  the  Algol  type.  Brightness  uniform  on 
twenty-two  out  of  twenty-six  plates  examined. 

7.  Probably  of  the  Algol  type.  Brightness  uniform  on 
eighteen  out  of  twenty  plates  examined. 

9.   This  is  -22° 4575,  and  the  preceding  of  two  stars. 


11.  The  preceding  of  two  stars.  Probably  of  the  Algol 
type.  Brightness  uniform  on  eighteen  out  of  twenty 
plates  examined. 

13.    This  is  C.  DM.  -29°  14717. 

16.    This  is  C.  DM.  -30°  15642. 


The  total  number  of  new  variables  discovered  by  Miss  Leavitt  and  announced 
in  Cii-culars  Nos.  78,  79,  82,  86,  90,  and  91,  is  410. 

EDWARD    C.  PICKERING. 


December  8,  1904. 


Harvard  College  Observatory. 
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STAES  HAVING   PECUUAR  SPECTRA. 

Ax  examination  of  the  photographs  of  the  Henrv  Draper  Memorial  has  led  to 
the  discovery,  b}^  Mi-s.  Fleming,  of  a  number  of  variable  stars  and  objects  ha\'ing 
peculiar  spectra,  in  addition  to  those  previously  published.  A  Hst  of  these  has  been 
compiled  by  Mi's.  Fleming,  and  is  given  below,  together  with  a  number  of  varia- 
bles already  known,  for  which  the  spectrum  has  recently  been  determined,  and 
two  additional  objects  found  by  other  observers,  as  stated  in  the  remarks  following 
the  table.  The  constellation  and  catalogue  designation  are  given  in  the  first  two 
colimms.  The  approximate  right  ascension  and  decUnation  for  1900,  and  the  cata- 
logue magnitude,  except  in  the  case  of  variables,  are  given  in  the  third,  fourth, 
and  fifth  columns.  The  class  of  spectrum  and  a  brief  description  of  the  object  are 
given  iu  the  sixth  and  seventh  columns.  The  designatious  for  stars  north  of 
decliuation  — 23°  are  taken  from  the  Bonn  Durchmusterung,  for  stars  between 
declinations  —  23°  and  —  52°  the  Cordoba  Durchmusterung  is  used,  and  for  stars 
south  of  declination  — 52°  the  Cape  Photographic  Durchmusterung  is  used.  Each 
of  the  new  variables  has  been  confirmed  independently  by  a  second  observer. 
Additional  information  regarding  several  of  these  objects  will  be  found  in  the 
remarks  follo^vino;  the  table. 


PECULIAR   SPECTRA. 


Coiisttlhition. 

DM.  No. 

11.  A.  1900. 

Dec.  1900. 

Magn. 

Spectrum. 

Di-siription. 

Andromeda 

A.         m. 

0  10.8 

+  4'6 

27 

Md 

Variable. 

X  Andromedae. 

Andromeda 

+  38°      315 

1  33.7 

+  38 

50 

Md 

Variable. 

Y  Andromedae. 

Taurus 

4  32.8 

+    8 

9 

Md 

Variable. 

Orion 

+    7°     768 

4  53.6 

+    7 

59 

Md? 

Variable. 

R  Orionis. 

Orion 

+   4°     949 

5  25.1 

+   4 

/ 

K5M 

Variable. 

Peculiar. 

Camelopardalus 

5  49.4 

+  74 

30 

Md 

Variable. 

V  Camelopardali. 

Moiioceros 

-11°   1460 

6  16.8 

-11 

44 

5.9 

B  Pec. 

Rfi  bright 

Monoceros 

-   2°    1581 

6  17.7 

-   2 

9 

Md 

Variable. 

V  Monocerotis. 

ITrsa  Major 

8  33.9 

+  50 

29 

Md 

Variable. 

—  Ursae  Majoris. 

Frsa  Major 

+  50°    1603 

8  56.2 

+  50 

29 

9.2 

N 

Peculiar. 
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ConstoUutiou. 

DM.  >-o. 

R.  A.  1900. 

Dec.  1900. 

Magn. 

Spectrum. 

Desri-ipliim. 

Virgo 

-    5°   3456 

A.        m. 

12     9.5 

-    5  29 

Md 

Variable.     T  Virgiuis. 

Bootes 

+  14°   2700 

14     1.7 

+  13  58 

Md? 

Variable.     Z  Bootis. 

Libra 

-    2°   3939 

14  58.8 

-    2  28 

9.6 

N 

Peculiar. 

Norma 

-54°   6651 

15  36.4 

-54  40 

Md 

Variable.     T  Xormae. 

Lyra 

+  36°   3066 

18  11.5 

+  36  38 

Md 

Variable.     W  Lyrae. 

Hercules 

18  16.7 

+  31  41 

Md 

Variable. 

Sagittarius 

18  29.5 

-31  47 

Pec. 

Dark  bauds. 

Lyra 

18  42.2 

+  43  32 

Md 

Variable.     RW  Lyrae. 

Sagittarius 

-29°  15574 

18  52.4 

-29  38 

8.9 

Pec. 

Dark  bands. 

Sagittarius 

19     8.5 

-19     0 

Variable. 

Sagittarius 

-33°  14076 

19  10.0 

-33  42 

Pec.!! 

Variable.     RV  Sagittarii. 

Sagittarius 

19  13.8 

-21     7 

Md 

Variable.     Z  Sagittarii. 

Cygnus 

+  49°   3225 

20     9.8 

+  49     9 

Mc5d 

Variable. 

Cygnus 

+  29°  4231 

20  50.9 

+  30     2 

Md 

Variable.     UX  Cygni. 

Cygnus 

+  39°  4368 

20  51.6 

+  39  55 

7.2 

Cont. 

Cepheus 

+  64°    1527 

21   17.3 

+  64  27 

5.5 

B  Pec. 

H;8  bright. 

Pegasus 

+  24°  4462 

21  40.0 

+  24  33 

Md 

Variable.     RR  Pegasi. 

Cepheus 

+  61°   2246 

22     2.1 

+  61  48 

6.0 

Pec. 

Cepheus 

+  58°   2402 

22     8.1 

+  58  56 

5.6 

Pec. 

X  Cephei. 

Cetus 

-15°   6531 

23  57.0 

-15  14 

Md 

Variable.     W  Ceti. 

Cassiopeia 

+  54°   3103 

23  58.3 

+  54  60 

7.9 

Pec. 

H^  bright. 

REMARKS. 


4  32.8.     This  star  varies  probably  more  tbaii  three  mag- 

nitudes, being  as  briglit  as  the  magnitude  9.0  on  one 
of  tlie  plates  examined,  and  fainter  than  12  on  two 
plates. 

5  25.1.     The  spectrum  of  this  star  is  between  Classes  K 

and  M.  and  shows  a  bright  line  of  slightly  shorter  wave- 
length than  H5.  The  plates  examined  show  a  variation 
of  about  0.7  magnitude,  and,  as  in  the  case  of  the  other 
stars,  the  variation  has  been  confirmed  by  a  second 
observer, 
C  16,8.  On  a  plate  taken  on  October  16,  lilO-l,  with  the 
11-inch  Draper  telescope,  the  hydrogen  line  H^  is  bright. 
H7  is  very  faint  and  double,  and  the  remaining  lines  of 
hydrogen  and  those  of  helium  appear  to  be  double. 
This  is  probably  a  spectroscopic  binary.  The  spectrum 
of  —11°  1478,  which  is  also  on  this  plate,  shows  well 
defined  single  lines. 
8  56.2.  This  spectrum  extends  beyond  Hf,  having,  besides 
the  usual  dark  band  in  fourth  type  spectra,  a  second 
strong  band  near  wavelength  H5,  and  a  third,  between 
H5  and  He. 
14  58.8.  This  spectrum  shows  the  same  peculiarities  as 
that  of  the  star,  R.A.  8*o6"'.2. 


29.5.  This  spectrum  has  a  broad  dark  band  which  extends 
from  about  X465  to  471,  and  is  of  the  same  type  as 
C. DM.  — 47° 6614,  described  in  Circular  No.  76, 

52,4,  This  spectrum  is  already  known  as  peculiar,  but 
is  inserted  in  the  table  in  order  to  describe  it  as  belong- 
ing to  the  same  type  as  C.DM,  —  47°  6614.  described  in 
Circular  No.  76. 

8.5.  This  star  was  the  comparison  star  "0"  in  the 
sequence  selected  for  KW  and  RX  Sagittarii,  and  dur- 
ing the  observations  of  these  stars  the  variation  in  this 
star  was  discovered  by  Miss  S.  E.  Breslin. 
9.8.  An  examination  of  16  chart  plates  shows  a  varia- 
tion of  about  a  magnitude  in  this  star. 

51.6.  On  a  plate  taken  on  September  15,  1904,  the 
spectrum  of  tliis  star  is  continous,  and  fails  to  show  any 
trace  of  lines,  although  the  lines  in  other  spectra  are 
well  defined.  On  some  of  the  other  plates  the  hydro- 
gen lines  show  faintly,  even  with  the  spectrum  not  so 
well  defined, 

17.3.  On  a  plate  taken  on  October  16,  1904,  with  the 
11-inch  Draper  telescope,  the  hydrogen  line  H/J  is 
bright,  the  other  lines  are  broad,  and  the  spectrum 
has  the  same  general  appearance  as  that  of  the  star. 
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R.A.  G*  16"'. 8,  although  tlie  linos  in  this  spectrum  do 
not  appear  double. 

8.1.  XCephei.  The  star  f  Puppis  has  a  spectrum  that 
heretofore  has  been  regarded  as  unique.  It  contains, 
besides  the  usual  series  of  hydrogen  lines,  a  second 
rythmical  series  also  probably  due  to  hydrogen,  and  only 
a  few  other  lines.  The  southern  declination  of  this  star 
has  rendered  it  difficult  to  study  its  spectrum  at  the 


5^' 


great  observatories  in  Europe,  or  in  the  United  States. 
The  spectrum  of  the  nortliern  star,  X  Cephei,  was  found 
by  the  writer  to  be  identical  witli  that  of  f  Puppis. 
23  ,58.3.  The  liydrogen  line  H/3  is  bright  and  superposed 
upon  a  broad  dark  line.  The  lines  H7,  H5,  and  He  are 
narrow,  and  two  other  narrow  lines  having  the  approxi- 
mate wavelengths  416  and  420  are  also  present. 


The  variability  of  C.P.D.  — 73°  1134,  R.A.  =  13"  13"'.5,  Dec.  =  —  73°  55' (1900), 
suspected  by  Kapteyn,  has  been  discovered  independently  by  Miss  L.  D.  Wells, 
and  shows  a  range  of  about  a  magnitude  and  a  half. 

EDWARD    C.  PICKERING. 


Decemuer  21,   1904. 


Harvard  College  Observatory. 
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THE   24-INCH   REFLECTING   TELESCOPE. 

One  of  the  most  important  results  obtained  with  the  Anonymous  Fund  of  1902 
has  been  the  construction  of  the  24-inch  Reflecting  Telescope.  The  mirror  was 
made  by  Messrs.  Alvan  Clark  &  Sons,  and  the  mounting  has  been  designed  and 
constructed  by  Mr.  Willard  P.  Gerrish  of  this  Observatory.  Although  the  moimting 
is  not  completed,  yet  it  is  so  far  advanced  that  the  telescope  can  be  used  for 
visual  work,  and  is  gi\'ing  excellent  results  in  determining  the  light  of  faint  stars. 
Accordingly,  measures  have  been  made  by  Mr.  Leon  Campbell  of  three  of  the 
variable  stars  discovered  by  Miss  Leavitt,  Nos.  91,  93,  and  94,  near  the  Nebula 
of  Orion,  and  announced  in  Circular  No.  86.  The  dates  of  observation,  the  mag- 
nitudes derived  for  No.  91  from  observations  by  the  writer  with  the  12-inch 
Meridian  Photometer,  and  the  magnitudes  of  Nos.  91,  9-3,  and  94,  as  determined 
with  the  24-inch,  are  given  in  the  successive  columns  of  Table  I. 


TABLE   I. 

OBSERVATION'S    OF    VARIABLES. 


Date. 
190.-». 

91 

•.'4-ill.-|i. 

Ditto. 
1»0.'S. 

12.inch. 
91 

- ■■■         1 

91 

93 

94 

91 

93 

94 

.January    28 

10.8 

13.0 

13.5 

February  18 

10.8 

30 

10.4 

13.0 

13.5 

21 

10.9 

10.9 

31 

10.7 

12.9 

13.6 

23 

11.1 

February    2 

10.8 

12.8 

13.6 

25 

11.7 

11.4 

R 

12.4 

3 

10.9 

12.6 

13.6 

27 

11.4 

11.5 

13.1 

12.7 

4 

11.2 

12.5 

K 

28 

11.5 

11.3 

12.9 

12.8 

7 

11.7 

12.7 

13.4 

Marcb         1 

11.1 

12.5 

12.9 

11 

10.6 

12.9 

13.0 

2 

11.0 

10.9 

12.9 

12.7 

13 

10.8 

10.6 

3 

10.8 

10.7 

13.0 

12.8 

14 

10.8 

10.8 

4 

10.7 

12.7 

13.0 

16 

10.9 

10.7 

11 

11.0 

14.0 

12.4 

CIRCULAR   NO.    93. 

While  the  variability  of  all  three  stars  is  thus  confirmed,  the  absolute  magni- 
tudes of  the  fainter  stars  are  uncertain.  On  February  4,  1905,  No.  94  was  not 
visible,  and  was  certainly  fainter  than  the  magnitude  13.6.  On  February  22, 
No.  93  was  certainly  fainter  than  13.2.  The  Moon  prevented  observations  of  Nos. 
93  and  94,  from  February  13  to  Febmary  23.  As  these  stars  are  wnthin  40"  of 
each  other,  and  are  usually  alternately  bright  and  faint,  it  seemed  probable  that 
the  period  was  the  same  for  both,  and  that  some  connection  existed  between 
them.  On  one  photogi-aph,  however,  both  stars  appear  bright,  so  probably  the 
periods  differ  slightly. 

EDWARD   C.   PICKERING. 
March  1.!,   1905. 
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VARIABILITY    OF    EUNOMIA   (15). 

A  VARIATION  in  the  light  of  the  asteroid  Eunomia  (15)  has  been  estabUshed 
by  Professor  Wendell,  from  observations  made  with  the  photometer  having  achro- 
matic prisms,  attached  to  the  15-inch  telescope  of  this  Observatory.  The  first 
observations  were  made  on  March  15,  1905,  or  J.  D.  2,416,920.  Eunomia  was 
then  near  its  second  stationary  point,  so  that  it  could  be  compared  with  the  same 
star  +13°  1875,  magn.  9.0,  vmtil  April  1,  1905,  J.  D.  2,416,937,  inclusive.  Owing 
to  ite  increasing  distance,  both  from  the  Sun  and  the  Earth,  its  mean  brightness 


TABLE    I. 

OBSERVATIONS  OF  EUNOMIA  (15). 


6920.661 

6920.670 

6921.608 

6928.655 

6928.667 

6928.678 

6932.578 

6932.591 

6932.606 

6932.620 

6932.633 

6932.648 

6932.659 

6934.542 

6934.555 

6934.568 

6934.583 

6934.603 


0.92 

1.06 

0.82 

1.23 

1.34 

1.26 

1.19 

1.31 

1.31 

1.16 

1.03 

0.97 

0.92 

1.05 

1.02 

1.04 

1.10 

1.29 


113 


114 


0.038 

0.047 

0.098 

0.050 

0.062 

0.073 

0.045 

0.058 

0.073 

0.087 

0.100 

0.115 

0.126 

0.109 

0.122 

0.008 

0.023 

0.043 


0.77 


0.69 
0.93 


0.93 


M.    0-C.  1    J.  D. 


1.03 


+  .15 

+  .29 
+  .13 
+  .30 
+  .41 
+  .33 
+  .26 
+  .38 
+  .38 
+  .23 
+  .10 
+  .04 
-.01 
+  .02 
-.01 
+  .01 
+  .07 
+  .26 


-.02 
+  .02 
.00 
-.01 
+  .02 
-.01 
+  .01 

00 
+  .03 

.00 
-.02 
+  .02 
-.01 
-.02 
-.01 

.00 

.00 
+  .04 


6934.617 

6934.631 

6934.651 

6936.536 

6936.548 

6986.562 

6936.575 

6936.589 

6937.524 

6937.536 

6937.552 

6937.569 

6937.587 

6937.604 

6937.625 

6937.638 

6937.648 

6937.661 


1.39 

1.41 

1.17 

1.40 

1.30 

1.15 

1.08 

1.02 

1.48 

1.49 

1.39 

1.28 

1.14 

1.10 

1.16 

1.26 

1.38 

1.50 


114 


129 


138 


Phase.    CoiT. 


0.057 

0.071 

0.091 

0.076 

0.088 

0.102 

0.115 

0.002 

0.050 

0.062 

0.078 

0.095 

0.113 

0.003 

0.024 

0.037 

0.047 

0.060 


1.03 


1.06 


1.11 


+  .36 

+  .38 
+  .14 
+  .34 

+  .24 
+  .09 
+  .02  I 

-.(4 

+  .37 
+  .38 
+  .28 
+  .17 
+  .03 
-.01 
+  .05 
+  .15 
+  .27 
+  .39 


-.01 

+  .02 

-.05 

+  .02 

+  .02 

-.02 

.00 

-.04 

+  .06 

-.01 

-.02 

+  .01 

.00 

-.02 

-.02 

-.01 

.00 

.00 
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diminished  a  third  of  a  magnitude  during  this  time.  Each  observation  consisted 
of  four  sets,  of  foui-  settings  each.  The  mean  of  the  times,  expressed  in  Julian 
Davs  and  decimals,  is  given  in  the  first  colunui  of  Table  I.  The  observed  differ- 
ence in  magnitude  of  Eunomia  and  the  comparison  star  is  given  in  the  second 
column.  It  appeared  from  a  study  of  these  observations  that  the  times  of  maxi- 
mum could  be  expressed  bv  the  formula  J.  D.  2416920.116  +  0.1267  E.  The  values 
of  E  and  of  the  phase  are  given  in  the  third  and  fourth  columns.  It  appeared 
from  the  observations  that  Eunomia,  when  at  maximum  on  the  first  day,  was 
about  0.77  magnitudes  fainter  than  the  comparison  star,  and  1.11  on  the  last  day. 
The  exact  value  for  each  day  is  given  in  the  fifth  column,  and  was  found  by 
assuming,  from  an  inspection  of  the  curves,  the  approxiinate  values,  and  applying 
a  small  correction  dependent  on  the  condition  that  the  sum  of  the  positive  and 
negative  residuals  from  the  light  curve  should  be  equal.  It  will  be  noticed  that 
the  diminution  in  the  mean  brightness  of  Etmomia,  which  is  thus  indicated,  is  not 
perfectly  uniform.  This  may  be  due  in  part  to  the  variations,  if. any,  in  the  com- 
parison star  or  in  the  mean  light  of  Eunomia.  Subtracting  the  numbers  in  the 
fifth  colimm  fi'om  those  in  the  second,  gives  the  observed  brightness,  compared 
with  the  maximum  brightness  after  correcting  for  the  varying  mean  brightness. 
This  is  given  in  the  sixth  colunui.  The  seventh  column 
contains  the  residual  foimd  by  subtracting  the  magnitude, 
according  to  the  light  curve  represented  in  Table  II,  from 
the  results  given  in  the  sixth  column.  It  wiU  be  noticed  that 
the  average  value  of  these  residuals  is  only  ±0.016. 

The  form  of  light  curve  is  shown  in  Table  II.  the  corre- 
sponding phases  and  magnitudes  being  given  in  the  first  and 
second  cohnnns. 

It  will  l)e  noticed  that  the  period,  0''.1267,  does  not  differ 
greatly  fi-om  that  of  Iris  (7),  0''.1290,  and  that  in  both  cases 
it  is  still  doubtful  whether  this  period  should  be  doubled. 
A  careful  series  of  observations  by  Mr.  Leon  Campbell,  using 
Argelander's  method,  seems  to  indicate  that  in  the  case  of 
Eunomia  the  period  should  perhaps  be  doubled,  and  that  the 
intervals  between  the  successive  minima  are  alternately  long 
and  short.  It  is  difficult  to  see  on  theoretical  grounds  how 
this  can  be  the  case,  or  how  the  alternate  maxima  or  minima 
can  differ  in  intensity,  if  the  variation  in  Ught  is  wholh-  due  to  the  unsymmetrical 
form  of  the  bod  v. 


TABLE   II. 
LIGHT   CURVE. 


Pliasc. 

.Miicn. 

.00 

.00 

.01 

.02 

.02 

.05 

.08 

.11 

.04 

.19 

.05 

.31 

.0^ 

.39 

.07 

..36 

.08 

.28 

.09 

.20 

.10 

.11 

.11 

.04 

.12 

.01 
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It  is  unfortunate  that  no  easy  means  exists  for  observing  and  following  known 
asteroids,  except  when  near  opposition.  Table  III  contains  the  approximate 
po.sitions  of  Eimomia  on  the  dates  given  in  the  first  column.  The  right  ascen- 
sions and  declinations  for  1855  are  o;iven  in  the  second  and  third  columns.      This 


TABLE   in. 

EPHEMERIS   OF   EUXOMIA. 


•J.  D. 

R.  A.  1853. 

Doc.  18.-|-.. 

6920 

A.    m. 
8    7.6 

+  13   15 

6925 

8   7.5 

+ 13   12 

6930 

8   9.0 

+  13   7 

6935 

8   9.1 

+  13   1 

6940 

8  11.0 

+ 12   53 

6945 

8  18.4 

+  12   44 

6950 

8  16.7 

+ 12   33 

is  the  most  convenient  epoch  both  for  visual  and  for  photographic  observations, 
since  the  positions  may  be  compared  directly  with  those  of  adjacent  stars  in  the 
Durchmusterung. 

EDWARD   C.  PICKEEING. 


April  8,  190.T. 


Harvard  College  observatory. 
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BRIGHTNESS  OF  JUPITER'S   SATELLITES. 

For  many  years  the  four  brighter  satelhtes  of  Jupiter  have  been  suspected  of 
variabiHty.     Each  of  these  satellites   appears   famt  when  very  near  Jupiter.     This 
is  a  subjective  effect,  and  is  always  produced  when  a  bright  object  is  near  a  steUar 
imao-e      It  is  very  marked  before  or  after  the  occultation  of  a  bright  star  or  planet 
bv  the  Moon.     Various  other  defects  of  the  eye  render  the  results  of  chrect  com- 
parison  of    the   satellites   uncertain.      A   series   of    measures   of    the    satelhtes   has 
accordmaly   been    made    by    Professor   Wendell,   with    the   polarizing    photometer 
attached" to  the  lo-inch  Telescope  of  this  Observatory  and  described  in  the  second 
paragraph  of   Circular   No.  25.     The  plan  proposed  was   that  each  satellite  should 
be  compared  mth  the  other  three  on  three  nights,  and   that   two  measures,  each 
consisting  of  fom-  sets  of  four  settings  each,  should  be  made  each  mght.     By  revers- 
ing the  prism  and  images,  and  placing  the  latter  equidistant  fi'om  Jupiter,  kno^vn 
sources  of  error  were  eliminated.    The  total  number  of  settings  required  was  5  i  6,  but 
unfortunately  the  approach  of  Jupiter  to  the  Sun  rendered  it  impossible  to  secure 
aU  the  desired  measures.     The  results  are  given  in  Table  I,  the  six  possible  combina- 
tions being  given  in  the  six  Hues.     The  order  of   brightness  of   the  satellites  was 
always  III  I   II  and  IV      The  brighter  of  the  two  satellites  compared  is  given  m 
the  first  colu'mn,  the  fainter   in   the  second.     The  times  of   observation,  expressed 
in  Juhan  Days  and  decimals,  omitting  the  three  left-hand  figures  241,  are  given  in 
the  third  colmnn.     The  mean  of  aU  the  measures  is  given  in  the  fourth  column,  and 
the  residuals  from  the  mean,  expressed  in  hunch-edths  of  a  magnitude,  are  given 
for  the  different  days  in  the  next  three  columns.     A  least  square  solution,  from  the 
results   in   the  fourth  column,  gave  the  values  0.42,  0.16,  and  0.04,  for  the  three 
intervals  III  to  I,  I  to  II,  and  II  to  IV,  respectively.     The  computed  values  of  all 
the  intervals  are  given  in  the  eighth  column,  and  the  residuals  found  by  subtracting 
them  from  the  observed  values  given  in  the  third  column  are  given  m  the  ninth 
column      In  1877  and  1878,  measures  of  the  satelhtes  of  Jupiter  were  made  here 
and  are  described  in  Volume  XI,  Chapter  VIII.     The  difference  in  magnitude  there 
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found  between  Jupiter  and  the  four  satelUtes,  and  given  on  page  246  in  the  second 
column  of  Table  XLVIII,  is  for  Satellite  I,  8.13  ;  for  II,  8.27  ;  for  III,  7.76  ;  for  IV, 
8.89.  The  corresponding  differences  between  the  magnitudes  of  the  satellites  are 
given  in  the  tenth  colunm  of  Table  I.  Thus,  for  Satellites  I  and  III,  we  have, 
8.13  _  7.76  =  0.37,  which  is  entered  in  the  first  line  of  the  column.  The  differences 
between  these  and  the  computed  values  are  found  by  subtracting  the  values  in 
the  eighth  column  from  those  in  the  tenth  and  are  entered  in  the  eleventh  column. 
It  will  he  noticed  that  all  of  these  differences  are  negative,  that  is,  that  the  interval 
between  the  satellites  appeared  to  be  less  in  the  earUer  than  in  the  later  observations. 
Correcting  this  difference,  for  which  there  is  no  obvious  explanation,  by  multiplymg 
the  results  in  the  tenth  column  by  1.08  and  subtracting  the  products  from  the  com- 
puted values  given  in  the  eighth  column,  we  have  the  residuals  given  in  the  twelfth 
column. 

TABLE  1. 
RESULTS   OF   OBSERVATION'S. 


Br. 

Ft. 

I 
II 

IV 

II 

IV 
IV 

Julian  D.iy5. 

Mean. 

I. 

II. 

III. 

c.      o-c. 

XI. 

lU-i. 

Res. 

Ill 

III 

III 

I 

I 
II 

6900.592,  6907.524 

6904.538,  6906.528,  6918.542 

6905.526,  6911.524,  6915.522 

6902.528,  6909.533,  6916.547 

6922.518 

6911.549,  6920.520,  6928.518 

0.42 
0.62 
1.18 
0.14 
0.83 
0.66 

00 

00,00 

00,01 

05,05 

00,00 

08 

00,00 
00,04 
02,02 
05,00,00 

04,06 

Oi,03 

01 

02 

02 

0.42 
0.58 
1.22 
0.16 
0.80 
0.64 

.00 
+  .04 
-.04 
-.02 
+  .03 
+  .02 

0.37 
0.51 
1.13 
0.14 
0.76 
0.62 

-.05 
-.07 
-.09 
-.02 
-.04 
-.02 

-.02 

-.03 

.00 

-.01 

+  .02 
+  .03 

The  average  value  of  the  26  residuals  in  the  fifth,  sLxth  and  seventh  columns  is 
±  0.020,  and  of  the  6  residuals  in  the  eighth  column,  is  ±  0.025.  The  average  value 
of  the  residuals  in  the  twelfth  column  is  even  smaller,  ±  0.018.  There  appears  there- 
fore to  be  no  evidence  of  variation  dm-ing  the  time  that  these  measures  were  made. 

EDWARD   C.   PICKERING. 


April  11,   1905. 


Harvaud  College  Observatory. 
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843  NEW  VARIABLE   STARS  IN  THE  SMALL  MAGELLANIC   CLOUD. 

In  Circular  No.  79,  announcement  was  made  of  the  discovery  of  57  new  variable 
stars  in  the  Small  Magellanic  Cloud.  In  order  to  provide  material  for  the  study  of 
theh-  light  curves,  sbcteen  excellent  photographs,  ha\ang  exposures  of  fi'om  two  to 
four  hom-s,  were  taken  last  autumn  at  Arequipa,  with  the  24-inch  Bruce  Telescope. 
These  plates  reached  Cambridge  m  January,  and  an  examination  of  them  by  Miss 
Leavitt  led  to  the  surprising  discovery  that  hundreds  of  variable  stars  were  present 
in  this  region,  the  small  number  found  in  her  earUer  examination  being  due  to  the 
imsatisfactmy  quahty  of  many  of  the  plates.  The  determination  of  the  positions, 
elements,  and  light  curves  of  this  large  number  of  variables  is  now  in  progress, 
and  will  be  published  in  the  Annals  as  soon  as  it  is  completed.  It  does  not, 
therefore,  seem  advisable  to  dupUcate  the  pubUcation  of  the  positions  of  this  long 
list  of  variables,  especially  as  they  can  only  be  observed  by  the  help  of  photographs 
on  which  they  are  marked,  and  these  can  be  furnished  at  any  time  to  astronomers 
who  will  undertake  to  observe  them.  As  some  time  must  elapse  before  the  full 
pubUcation  is  made,  it  may  be  worth  while  to  give  some  of  the  general  conclusions 
which  have  akeady  been  reached. 

The  total  number  of  new  variables  discovered  in  this  region  m  the  present 
research  is  900,  including  the  57  announced  in  Circular  No.  79.  There  are  also 
64  other  stars  suspected  of  variation. 

To  study  the  distribution  of  the  variables,  the  region  of  about  six  by  seven 
degrees,  covered  by  the  plates,  has  been  divided  into  squares  which  measure^approxi- 
mrtely  half  a  degree  on  a  side.  The  centre  adopted,  R.  A.  =  0"  51'",  Dec.  =  -  73°.4 
(1900),  is  not  far  from  the  centre  of  the  Small  Magellanic  Cloud,  which  extends 
diao-onally  in  a  direction  from  north-east  to  south-west.  "The  Umits  of  the  region 
containing  the  variables  are  more  sharply  defined,  and  are  closer  to  the  central  hne 
of  the  most  densely  crowded  portion  on  the  preceding  than  on  the  followmg  side. 

Table  I  contains  the  number  of  variables  m  each  of  the  squares  described  above. 
Twenty-three    known   variables   are    included,   namely,  005475  m   the   Provisional 
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Catalogue,  Annals  XL VIII,  No.  3,  eight  variables  iu  the  cluster  N.  G.  C.  104, 
47  Tucanae,  and  foui-teen  in  N.  G.  C.  362.  No.  52,  in  Circular  No.  79,  is  outside 
the  region  covered  by  the  table,  which  includes  922  variables.  The  headings  of  the 
columns  give  the  limits  in  right  ascension  of  the  squares,  distances  being  measured 
from  the  centre  of  the  region.  The  first  colunm  of  the  table  gives  the  limits  iu 
declination  of  the  squares,  and  the  following  columns  give  the  corresponding  numbers 
of  variables. 


TABLE   I. 

THE   SMALL   MAGELLANIC   CLOUD. 


+3°.0 

+  2°.5 

+  2°.0 

+  1°.5 

+  1°.0 

+  0°.5 

o°.o 

-0°.5 

-P.O 

-1°.5 

-2°.0 

-2°.5    - 

3°.0 

-3°.5 

Ufgion. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

+  3°.5 

+  3°.0 

+  2°.5 

+  2°.0 

+  1°..5 

+  1°.0 

+  0°.5 

o°.o 

-0°.5 

-1°.0 

-1°.5 

-2°.0    - 

2°.5 

-a^.o 

+  2.5  to  +3.0 

1 

1 

+  2.0  u   +2.5 

1 

1 

+  1.5  «    +2.0 

19 

8 

1 

3 

+  1.0  «   +1.5 

10 

34 

18 

17 

4 

+  0.5  u   +1.0 

3 

19 

33 

37 

21 

1 

2 

13 

0.0  «    +0.5 

1 

1 

3 

37 

48 

49 

38 

14 

1 

1 

-0.5  «       0.0 

1 

3 

23 

43 

72 

64 

46 

7 

1 

-1.0  «   -0.5 

2 

1 

3 

6 

36 

43 

56 

22 

12 

4 

-1.5  «   -1.0 

1 

3 

1 

3 

3 

5 

3 

2 

9 

2 

-2.0  »   -1.5 

1 

1 

-2.5  u   -2.0 

1 

1 

-3.0  «   -2.5 

1 

Nearly  all  the  variables  are  found  strictly  within  the  limits  of  the  Small 
Magellanic  Cloud.  Few  have  lieen  found  at  a  greater  distance  than  a  degree  and 
a  half  from  the  centre,  excepting  in  the  clusters  47  Tucanae  and  N.  G.  C.  362. 
The  more  sharply  defined  Umits  of  the  preceding  side  of  the  region  are  seen  also 
in  the  distribution  of  the  variables. 

Several  examples  of  variability  are  shown  in  Figures  1  and  2,  which  are  enlarged 
six  times  from  the  original  photographs.  The  area  represented  is  12'.0  square,  on 
a  scale  of  10"  =  0.1  cm.,  and  the  position  of  the  centre  for  1900  is  R.  A.  =  0''  55'".9, 
Dec.  =  —  73°  55'.  Figure  1  is  an  enlargement  fit'om  Plate  A  3393,  taken  November 
10,1898,  exposm-e  300  minutes,  and  Figure  2  is  from  Plate  A  6981,  taken  September 
30,  1904,  exposure  240  minutes.  All  the  variables  iu  the  region  are  mai-ked  on 
the  latter,  while  on  the  former  three  stars  are  marked  in  which  the  changes  are 


CIRCULAR   NO.   96.  3 

well  seen  on  this  pair  of  plates.  According  to  the  scale  used  in  Circular  No.  79, 
the  two  conspicuous  variables  in  the  lower  half  of  the  region  show  a  variation  of 
about  1.2  magnitudes  each,  while  that  of  tlie  third  is  about  a  magnitude.  Variables 
whose  changes  are  sUght  on  this  pair  of  plates,  are  well  seen  on  others.  There 
are  man}-  other  regions  of  equal  interest.  No  catalogue  stars  are  contained  in 
these  regions,  as  even  the  brightest  are  too  faint  to  appear  in  the  Cape  Photographic 
Durchmusterung. 
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The  number  of  stars  shown  in  the  photographs,  in  the  central  portion  of  the 
region,  is  about  thii-teen  to  a  square  minute  of  arc,  or  46,800  to  a  square  degree. 
It  is  estimated  that  the  number  of  stars  photographed  in  the  Small  Magellanic  Cloud 
and  adjacent  clusters  is  about  280,000,  of  which  910,  or  one  in  308,  is  variable. 
In  the  surrounding  region  about  40,000  stars  appear  on  the  best  negatives,  of 
which  12,  or  only  one  in  3,300,  have  been  found  to  l)e  variable,  although  all  have 
been  examined  with  equal  care.  The  region  covered  by  the  figures  comprises 
144  square  minutes,  and  includes  at  least  1272  stai-s,  of  which  755  may  l)e  called 
conspicuous.  It  is  very  difficult  to  count  the  faint  stars  which  cloud  the  back- 
ground, on  accoimt  of  their  closeness  to  one  another,  and  the  number  is  certainly 
imderestimated.  Few  of  the  variables  have  been  observed  to  become  as  faint 
as  these  stars.  The  figures  cover  about  one  thousandth  of  the  entire  region, 
which  if  displayed  upon  the  same  scale  would  occupy  seven  by  eight  and  a  half 
feet. 
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During  the  examination  for  variables,  a  star  of  about  the  thirteenth  magnitude, 
whose  position  for  1900  is  R.  A.  =  1*  6'"  1*.  Dec.  =  — 72°  45'.5,  was  found  to  have 
a  large  proper  motion.  No  such  motion  has  heretofore  been  detected  ui  so  faint  a 
star.  Measures  of  this  object,  ^vith  reference  to  three  adjacent  stars,  were  made  on 
five  plates,  with  the  results  given  in  Table   II.      The  year,   mouth,   and  day  are 


TABLE   U. 
PROPER   MOTIOX. 


Date. 

/ 

X 

0— c 

y 

0— c 

1890   "9 

d. 

13 

y- 
0.8 

„ 
0.0 

+  o'4 

o'.'o 

-o'.V 

1898  10 

10 

8.9 

+  3.6 

-0.8 

+  5.0 

+  0.9 

1898  11 

10 

8.9 

+  4.9 

+  0.5 

+  4.5 

+  0.4 

1904   8 

17 

14.7 

+  7.5 

-0.4 

+  5.8 

-0.8 

1904   9 

29 

14.8 

+  8.2 

+  0.2 

+  6.6 

0.0 

given  in  the  first  column,  and  the  time,  t,  follo^\-iug  1800.0,  expressed  in  years 
and  tenths,  is  given  in  the  second  column.  The  abscissas  of  the  star  referred  to 
its  position  on  the  first  plate,  is  given  in  the  third  column,  and  shows  the  motion 
in  right  ascension.  The  value  of  x  is  closely  represented  by  the  formula  .>■  =  —  0".9 
+  0".00  t.  The  residual  found  by  subtracting  the  value  of  ./•,  computed  by  this 
fonnula.  from  the  observed  value  is  given  in  the  fourth  colunni.  The  observed 
value  of  >/  and  the  residual,  assuming  the  relation  y  =  +  0"A  +  0".42  t,  are  given 
in  the  fifth  and  sixth  columns.  The  average  values  of  the  residuals  hi  the  fourth 
and  sixth  columns  are  ±  ()"A6  and  ±  0".56.  The  annual  proper  motion  in  right 
ascension  is  +  0".60  =  +  0M3,  in  decUnation  +  0".42,  in  a  great  circle  0".73. 


EDAVARD    C.   PICKERING. 


April  12,  1905. 
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CIRCULAR    No.   07. 


BRUCE  PHOTOGRAPHS   OF  PLANETS. 

Ix  planning  the  Bruce  24-inch  Telescope,  it  was  expected  that  it  might  be  used 
for  the  discovery  of  faint  satellites.  Accordingly,  photographs  were  taken  of  several 
of  the  planets,  and  an  examination  of  those  of  Saturn  resulted  in  the  discovery  of 
the  ninth  satellite,  Phoebe.  In  photographic,  as  well  as  in  casual  work,  it  is  much 
easier  to  confirm  an  object  whose  position  is  known  than  to  make  the  original 
discovery.  A  list  is  accordingly  given  in  Table  I  of  the  plates,  so  far  taken,  which 
may  prove  useful  in  this  way.  The  name  of  the  planet ;  the  number  of  the  plate  in 
Series  A ;  the  year,  month,  and  day ;  the  Julian  Day  and  decimal  following  Green- 
wich Mean  Noon,  corresponding  to  the  centre  of  the  exposure ;  the  duration  of  the 
exposure;  and  the  right  ascension  and  declination  of  the  centre  of  the  plate  are 
given  in  the  successive  columns. 


TABLE  I. 

LIST    OF    PLATES. 


Object. 

Plate  A. 

Date. 

J.D. 

Exp. 

R.  A. 

1900. 

Dec.  1900. 

y.     m. 

d. 

m. 

A. 

m. 

o 

Mercury  .  .  . 

2640 

1897   8 

14 

4151.492 

15 

11 

9 

+  6.5 

„ 

2644 

«     u 

16 

4153.488 

25 

11 

17 

+  3.7 

„ 

2649 

«   » 

17 

4154.487 

25 

11 

23 

+  3.2 

,j 

2653 

«   " 

18 

4155.491 

25 

11 

24 

+  2.7 

jj 

3505 

1899   5 

1 

4776.913 

8 

\ 

4 

+  4.3 

(, 

3506 

u         « 

1 

«  .918 

3 

4 

+  4.4 

„ 

3510 

«    « 

2 

4777.926 

20 

10 

+  4.5 

,j 

3511 

u    « 

2 

«  .935 

4 

10 

+  4.5 

,j 

3518 

«    « 

8 

4783.907 

17 

24 

+  5.5 

(, 

3520 

«    « 

9 

4784.909 

23 

29 

+  5.5 

(, 

3521 

((      u 

9 

u  .922 

3 

29 

+  5.5 

" 

3523 

" 

10 

4785.912 

>2s 

32 

-^  6.S 
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Ob.ieot. 

Plate  A. 

Date. 

J.  D. 

Exp. 

R.A. 

1900. 

Dec.  1900. 

»■ 

m. 

d. 

m. 

h. 

m. 

o 

Mars  .... 

2192 

1896 

12 

28 

3922.539 

35 

4 

46 

+  25.1 

(, 

2195 

1897 

1 

5 

3930.668 

60 

4 

38 

+  25.1 

Vesta  .... 

406 

1894 

3 

23 

2911.662 

71 

11 

10 

+  17.5 

(( 

461 

u 

u 

27 

2915.550 

60 

11 

7 

+  17.5 

6108 

1902 

8 

20 

5982.506 

35 

19 

7 

-  26.4 

6109 

« 

u 

21 

5983.517 

90 

19 

8 

-26.7 

6116 

(( 

u 

22 

5984.565 

150 

19 

23 

-25.6 

6137 

.. 

9 

2 

5995.633 

120 

19 

7 

-30.1 

Jupiter  .  .  . 

22 

1893 

11 

18 

2786.694 

17 

3 

36 

+  19.1 

27 

u 

u 

20 

2788.655 

17 

3 

34 

+  18.8 

36 

n 

u 

24 

2792.648 

15 

3 

33 

+  17.8 

41 

» 

u 

25 

2793.577 

10 

3 

31 

+  17.3 

46 

« 

« 

26 

2794.596 

14 

3 

30 

+  17.8 

60 

„ 

« 

30 

2798.639 

60 

3 

27 

+  17.8 

185 

1894 

1 

23 

2852.556 

60 

3 

17 

+  17.3 

191 

« 

„ 

25 

2854.563 

60 

3 

15 

+  17.0 

215 

It 

2 

2 

2862.489 

61 

3 

14 

+ 17.0 

2640 

1897 

8 

14 

4151.492 

15 

11 

9 

+  6.5 

3550 

1899 

5 

29 

4804.542 

158 

13 

52 

+ 10.2 

3554 

a 

u 

30 

4805.577 

180 

13 

53 

-10.3 

3556 

a 

u 

31 

4806.507 

90 

13 

51 

-  9.9 

3654 

u 

6 

26 

4832.534 

120 

13 

54 

-10.2 

3655 

u 

u 

26 

u  .589 

30 

13 

54 

- 10.2 

3657 

u 

u 

27 

4833.551 

174 

13 

54 

-10.3 

3658 

„ 

« 

27 

»  .625 

30 

13 

54 

-10.3 

3666 

i( 

I, 

30 

4836.538 

124 

13 

55 

-10.4 

3667 

n 

u 

30 

u    .595 

30 

13 

53 

-10.4 

3669 

u 

7 

1 

4837.566 

120 

13 

54 

-10.0 

3670 

u 

u 

1 

«  .623 

30 

13 

54 

-10.0 

Uranus  .  .  . 

557 

1894 

4 

26 

2945.684 

60 

14 

50 

-15.5 

602 

u 

5 

3 

2952.646 

57 

14 

50 

-15.5 

2650 

1897 

8 

17 

4154.544 

60 

15 

26 

-17.3 

2651 

„ 

„ 

„ 

«  .593 

60 

15 

26 

-17.3 

2654 

,c 

11 

18 

4155.551 

60 

15 

27 

-17.4 

3526 

1899 

5 

16 

4791.746 

164 

16 

21 

-21.3 

3581 

„ 

u 

20 

4795.862 

123 

16 

18 

-21.4 

3630 

u 

6 

12 

4818.694 

259 

16 

14 

-20.8 

3632 

(t 

n 

13 

4819.681 

240 

16 

11 

-21.1 

3634 

(C 

« 

14 

4820.677 

121 

16 

10 

-20.8 

3635 

u 

u 

15 

4821.774 

180 

16 

10 

-20.8 

3690 

u 

7 

7 

4843.589 

270 

16 

9 

-  22.3 

Neptune  .  .  . 

7124 

1905 

1 

9 

6855.662 

120 

6 

28 

+  22.3 

7126 

u 

11 

10 

6856.648 

120 

6 

28 

+  22.3 

7181 

" 

" 

24 

6870.572 

120 

6 

26 

+  22.3 
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The  plates  of   Saturn  are  not  given,  since  they  are    described   in   the  Harvard 
Annals,  Volume  LIII.     The  faintest  stars  shown  upon  these  plates  may  be  estimated 
from   the  observations  of    Phoebe.     This  sateUite  appears  on  nearly  all  the  good 
photographs  in  the  region  of  Saturn  taken  with  the  Bruce  Telescope,  and  having 
an  exposure  of  more  than  an  hour.     It  is  barely  visible  with  the  Yerkes  Telescope, 
which  has  an  apertm-e  of  40  inches,  and  attempts  to  see  it  %A-ith  the  Lick  Telescope, 
aperture  36  inches,  have  so  far  faUed.     The  computed  limitmg  magnitudes  corre- 
sponding to  these  apertures,  are  16.8   and   17.0.     Allowmg   for   the  loss  of  light, 
due  to  the  absorption  in  large  lenses,  the  magnitude  of   Phoebe  may  be  assumed 
to   be   not   far   from    16.5.      The  faintest   stars  sho^vTi  with  the  Bruce  Telescope, 
with  an  exposure    of   one    hour,   may   be  assumed   to   be   17.0,  and   17.5  with  an 
exposm-e  of    two   hours,  if   the    images   are    small   and   perfectly  circular.     If   the 
images  are   elongated,  much  brighter  stars  may  fail  to  be  shown.     While  a  very 
sHght  fogging  permits  somewhat  fainter  stars  to  be  seen,  the  limit  is  soon  reached 
and  a  moderate  darkening  of  the  plate  cuts  off  all  very  faint  stars.     For  this  and 
other  reasons  an  mcrease  m  the  exposiu-e  does  not  produce  a  corresponding  mcrease. 
in  the  number  of   stars   photographed.      In    some  cases,  an  exposure  of  one  hour 
shows  as  faint   stars  as  an  exposm-e  of   five  hours.     We  may  therefore  infer  that 
should  distant  satellites  brighter  than  the  sixteenth  magnitude  be  discovered  revolv- 
ing around  Mars,  Vesta,  Jupiter,  Saturn,  Uranus,  or    Neptune  we  may  expect  to 
find  them   upon   the    plates    enumerated   in    Table  I,    and   material   may   thus   be 
derived  for  determining  the  periods  with  great  accuracy. 

As  soon  as  the  orbits  of  the  sixth  and  seventh  satellites  of  Jupiter  are  known 
approximately  these  photographs  should  serve  to  correct  the  elements,  especially 
the  period,  if  the  satellites  can  be  found  on  them.  As  their  estimated  magnitudes 
are  14  and  16  there  should  be  no  difficulty  in  finding  them,  as  soon  as  theu- 
approximate  places  are  known. 

It  was  at  first  thought  by  European  astronomers  that  a  mistake  had  been 
made  and  that  the  sixth  satellite  of  Jupiter  was  an  asteroid.  It  is  curious  that 
the  ^v^iter  when  examinmg  these  very  plates  several  years  ago  was  tempted 
to  make  a  similar  mistake.  An  object  was  found  on  all  the  plates  taken  in 
June  and  July,  1899,  which  moved  slowly,  Hke  Jupiter,  and  cUd  not  leave  a  trail. 
It  appeared  to  come  to  its  stationary  pomt  at  nearly  the  same  time  as  Jupiter, 
and  therefore  seemed  to  be  at  about  the  same  distance.  It  was  actually  an  asteroid 
near  apheUon  whose  slow  motion  was  due  to  its  eccentricity.  The  number  of 
asteroid  trails  found  upon  these  plates  is  very  large.  No  less  than  seven  of  them 
were  marked  upon  Plate  A  3550  by  Dr.  Stewart  in  1899.     It  is  difficult  to  identify 
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them  since  they  are  not  near  opposition,  which  is  the  only  part  of  their  orbit  for 
which  the  Borhu  Jahrbiich  now  gives  theu-  positions.  Approximate  ephemerides, 
from  the  lirst  to  the  second  stationary  points,  are  much  needed.  As  stated.  Annals 
Llll.  99,  a  very  faint  object  was  found  by  Mrs.  Fleming  which  closely  resembled  a 
new  satellite  of  Satm-n,  but  which  afterwards  proved  to  be  an  asteroid. 

EDWARD    C.  PICKERING. 
April  20,  1905. 


Harvard  College  observatory. 
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STARS   HAVING    PECULIAR   SPECTRA. 

An  examination  of  the  photographs  of  the  Henry  Draper  Memorial  has  led  to 
the  discovery  by  Mrs.  Fleming  of  a  number  of  varialjle  stars  and  other  objects 
having  peculiar  spectra.  A  list  of  these,  together  with  three  additional  stars  having 
bright  hydrogen  lines  to  which  attention  was  called  by  Mr.  Edward  S.  King,  is  given 
in  Table  I.     The  constellation  and  number  in  the  Dui'chmusterung  are  given  in  the 


TABLE    I. 

PECULIAR   SPECTRA. 


CousU'lluli.m. 

DM 

No. 

11.  ,\ 

.  19U0. 

Dec.  1900. 

Magu. 

Spectrum. 

DcsiTipti.Mi. 

Cassiopeia 

h. 

0 

4.3 

+  51     0 

Md. 

Variable.     H  1166. 

Ceplieus 

0 

7.6 

+  71  32 

Pec. 

Bright  lines  and  bands. 

Cassiopeia 

+  49° 

41 

0 

12.2 

+  49  44 

Na. 

Variable.     H  1167. 

Phoenix 

-48° 

313 

1 

10.2 

-48  47 

9.4 

Pec. 

Dark  bands. 

Cassiopeia 

1 

50.2 

+  62  49 

Pec. 

Gaseous  Nebula. 

Eridaiius 

-57° 

400 

2 

2.2 

-57  37 

Md. 

Variable.     H  1168. 

Horologium 

-43 

1198 

3 

46.7 

-43  50 

8.5 

Pec. 

Dark  bands. 

Camelopardalus 

+  58° 

804 

4 

57.4 

+  58  50 

6.0 

BPec. 

Hf,  H8,  Hy,  and  H/3,  br 

ght. 

Puppis 

-22° 

1874 

7 

22.8 

-22  53 

6.0 

BPec. 

H/3  bright. 

Cancer 

9 

2.2 

+  21  58 

Pec. 

Dark  bands? 

Hydra 

—  22° 

2684 

9 

36.7 

-23     8 

5.0 

BPec. 

H/3  bright. 

Ursa  Major 

12 

34.4 

+  59     2 

Md. 

Variable.     H  1169. 

Virgo 

12 

57.4 

+    5  43 

Variable.     H  1170. 

Lupus 

14 

46.8 

-46  12 

Variable.     II  1171. 

Ophiuchus 

-18° 

4282 

16 

21.2 

-18  14 

5:2 

BPec. 

He,  H8,  Hy,  II/3,  bright. 

Draco 

17 

53.2 

+  64     9' 

Pec. 

Dark  bands. 

Cygnus 

19 

57.8 

+  32  18 

Pec. 

Bright  lines.     Type  V. 

Cygiius 

+  46° 

3133 

20 

56.4 

+  47     8 

5.3 

BPec. 

H^,  He,  118,  Hy,  H/3  bri 

ght. 

Cygnus 

21 

28.7 

+  44  10 

Pec. 

Bright  lines.     Gaseous  Neb.   | 

Pegasus 

+  22° 

4508 

21 

51.7 

+  22  24 

Na. 

Variable.     H  1172. 

Pegasus 

+  20° 

5071 

21 

59.7 

+  20  34 

8.7 

Pec. 

Dark  bands. 

Piscis  Austrinus 

-25° 

16142 

22 

46.7 

-25  49 

Me. 

Variable.     II  1173. 
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REMARKS. 


0  4.3.  0004.")!  =  H  lift!.  -An  cxaiiiination  of  this  stiir  oil 
five  chart  plates,  taken  between  November  23,  1S9S, 
and  December  0,  1902,  shows  a  variation  of  about  2.5 
magnituaes.  Estimates  from  tliese  plates  give  the 
approximate  limits,  9.0  to  ll.."i. 

0  7.f..  This  object  is  N.G.C.  40.  Five  bright  lines  or 
bands  appear  in  its  spectrum,  3SG9,  4101,  4340,  4G88, 
and  4Sr.I.  The  first  band  is  broad,  and  apparently 
coincides  with  the  band  seen  in  certain  gaseous  nebulae. 
The  second,  third,  and  fifth  lines  arc  H5,  H7,  and  H/3. 
The  fourth  band,  which  is  the  strongest  of  all,  has  the 
position  of  the  characteristic  line  in  the  spectra  of  the 
fifth  type.  The  nebular  lines  near  wave  length  5000 
are  not  seen.  This  object  may  therefore  be  interme- 
diate between  a  nebula  and  a  fifth  type  star. 

0  12.2.    001249  =  11  11()7.     An  examination  of  tliis  star  on 

sixteen  chart  plates,  taken  between  January  3,  1890, 
and  December  19,  1902,  shows  a  variation  of  about  1.5 
magnitudes.  Estimates  from  these  plates  give  the 
approximate  limits,  7.5  to  9.0.  Spectrum  already  known 
as  fourth  type. 

1  10.2.   This   spectrum   is  of  the   same   type   as    C.  DM. 

—  47° (5614,  described  in  Circular  No.  76. 

1  50.2.   Assumed  to  be  the  following  and  southern  of  two 

faint  and  diflScult  objects,  which  also  appears  somewhat 
hazy.  The  spectrum  consists  of  a  bright  band  having 
wave  length  of  about  5000.  Therefore,  this  object  has 
been  assumed  to  be  a  gaseous  nebula. 

2  2.2.   020257  =  H  1168.     An  examination  of  this  star  on 

six  chart  plates,  taken  between  July  29,  1896,  and  Sep- 
tember 1,  1903,  shows  a  variation  of  about  2.5  magni- 
tudes .  Estimates  from  these  plates  give  the  approximate 
limits,  7.5  to  10.0. 

3  4G.7.   .\nnounced  as  Type  IV,  Astron.  Nach.  138,  175. 

The  spectrum  is  of  the  same  type  as  C.  DM.  —47° 6614, 
described  in  Circular  No.  76.  The  broad,  dark  bands 
in  these  spectra  have  approximately  the  same  wave 
lengths  as  the  bands  in  stars  of  the  fourth  type.  Class 
Nd,  but  the  intensity  of  the  light  of  the  spectrum 
between  each  band  increases  towards  the  violet,  while 
in  the  peculiar  stars  the  light  between  each  band  is  of 
uniform  intensity  throughout. 

4  57.4.   Fine  bright  lines  superposed  on  broad,  dark  bands. 
7  22.8.    This  spectrum  was  marked  "Peculiar"  on  I'late 

C  15655,  by  Mr.  Edward  S.  King.  The  line  H/3,  and 
three  faint  lines  whose  approximate  wave  lengths  are 
4594,  4640,  and  4727,  are  bright  in  this  spectrum. 

9  2.2.  This  object  is  very  faint  and  difficult,  but  it  appears 
to  be  of  the  same  type  as  C.  DM.  —47°  6614,  described 
in  Circular  No.  76. 

9  36.7.  H;3  narrow  and  briglit  superposed  on  broad,  dark 
band. 

12  34.4.  123459  =  H  1169.  An  examination  of  this  star 
on  ten  chart  plates,  taken  between  April  11,  1890,  and 
-April  7,  1905,  shows  a  variation  of  more  than  2.3  mag- 


nitudes. Estimates  from  tliese  plates  give  the  approxi- 
mate limits,  9.7  to  <  12. 

12  57.4.  125705  =  H  1170.  Found  from  cliart  plates,  while 
examining  RT  Virginis,  which  follows  11",  0'.2  north. 
Four  plates,  taken  between  April  7,  1890,  and  May  7, 
1898,  sliow  a  variation  of  more  than  a  magnitude. 
Estimates  from  these  plates  give  the  approximate 
limits,  10.3  to  11.5. 

14  46.8.  144646  =  H  1171.  This  star  follows  S  Lupi  O-'A, 
south  12",  and  on  most  of  the  plates  is  a  difficult 
object,  especially  when  S  Lupi  is  bright.  It  has  been 
observed  on  140  chart  plates,  taken  between  June  13, 
1889,  and  September  4,  1901.  Measures  of  these  plates 
give  the  brightest  and  faintest  magnitudes,  10.44  and 
12.81. 

16  21.2.   This  star  is  x  Ophiuchi.     .Attention  was   called 

to  the  peculiarity  of  this  spectrum,  "Bright  line,  and 
doubling  of  lines,"  on  Plate  C  15590,  by  Mr.  Edward  S. 
King.  The  presence  of  the  bright  line  H/3  in  this 
spectrum  was  announced  in  the  Astron.  Nach.  126, 
•  163.  The  photograph  taken  on  March  14,  1905,  shows 
Hj-,  He,  H5,  H7,  and  H;3  as  fine  bright  lines  superposed 
on  strong  dark  bands.  -As  in  other  spectra  of  this  class, 
the  bright  hydrogen  lines  diminish  progressively  in 
intensity,  tliose  of  shortest  wave  length  being  faintest. 

17  53.2.    This   spectrum    is    of  the  same  type  as    C.  DM. 

—  47°  6614,  described  in  Circular  No.  76. 

20  56.4.    This  star   is    f '  Cygni.     Attention   was   called  to 

the  peculiarity  of  this  spectrum,  "Bright  lines"  on 
Plate  C  15177,  taken  on  November  15,  1904,  by  Mr. 
Edward  S.  King.  This  plate  shows  Hf,  He,  H5,  H7, 
and  H/3  as  fine  bright  lines  superposed  on  strong  dark 
bands.  These  lines  diminish  in  intensity  corresponding 
to  their  relatively  shorter  wave  length.  Other  fine 
bright  lines  at  approximate  wave  lengths  3993,  4440, 
4597,  and  5009  are  visible.  Plate  C  15203,  taken  on 
November  24,  1904,  shows  the  bright  H5,  H7,  and  H/3. 
The  last  two  named  lines  are  on  the  edge  of  shorter 
wave  length  of  the  dark  lines  H7  and  H5.  This  change 
seems  to  indicate  a  spectroscopic  binary,  one  compo- 
nent having  bright  hydrogen  lines. 

21  28.7.   This  object  is  exceedingly  faint. 

21  51.7.  .An  examination  of  this  star  on  nine  chart  plates, 
taken  between  September  18,  1892,  and  October  27, 
1904,  shows  a  variation  of  more  than  a  magnitude. 
Estimates  from  these  plates  gave  the  approximate 
limits,  8.1  to  9.4.  The  range  from  direct  examination 
is  certainly  greater. 

21  59.7.    215122  =  H  1172.     This  spectrum  is  of  the  same 

type  as  C.  DM.  — 47°6(il4,  described  in  Circular  No.  76. 

22  46.7.   224625  =li  1173.     An  examination  of  this  star 

on  twenty-five  chart  plates,  t.aken  between  July  23, 
1889,  and  October  3,  1901,  shows  a  variation  of  about 
0.8  of  a  magnitude. 
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fti'st  two  columns.  The  approximate  right  ascension  and  decUnation  for  1900  and 
the  catalogue  magnitude,  except  in  the  case  of  variable  stars,  are  given  in  the  third, 
fourth,  and  fifth  columns.  The  class  of  spectrum  and  a  brief  description  of  the 
object  are  given  ui  the  sixth  and  seventh  columns.  The  designations  for  stars 
north  of  declination  — 23°  are  taken  from  the  Bonn  Durchmusterimg,  for  stars 
between  declination  —  23°  and  —  52°  the  Cordoba  Duchmusterung  is  used,  and  for 
stars  south  of  declination  — 52°  the  Cape  Photograpliic  Durchmusterung  is  used. 
Each  of  the  new  variables  has  been  confirmed  independently  by  a  second  observer. 
Additional  information  regarding  these  objects  will  be  found  in  the  remarks  following 
the  table.  In  the  case  of  new  variable  stars,  the  right  ascension  is  followed  by  the 
designation  described  in  the  Annals  XLVIII,  93,  which  gives  the  approximate  posi- 
tion and  also  the  designation  described  in  the  Annals  LIII,  No.  VII,  which  indicates 
the  number  in  the  series  of  variables  found  at  Harvard.  This  number  is  also  given 
in  the  table  for  convenience  of  future  reference. 

SPECTRA  OF  KNOWN   VARIABLES. 

The  spectra  of  a  number  of  known  variables  have  also  been  determined  from 
these  photographs  and  are  given  in  Table  II.  The  first  column  contains  the 
designation,  and  the  second,  the  name  of  the  variable.  The  third  column  gives 
the  class  of  spectrum. 


tablp:  II. 

SPECTRA    OF    KXOWX    VARI.VBLES. 


Dcsig. 

Name. 

.Spectrum. 

Desig. 

Name. 

Spectrum. 

Dcsig. 

Xanic. 

Spectrum. 

004958 

W  Cassiopeiae 

Mb5c 

054974 

V  Camelop. 

Md6 

093178 

Y  Draconis 

Md6 

015912 

S  Arietis 

Md4 

055853 

Z  Aurigae 

Mb 

093934 

R  Leonis  Min. 

Md9 

031401 

XCeti 

Mb 

060450 

X  Aurigafe 

Md3 

104814 

U  Leonis 

Md7 

032043 

Y  Persei 

Na 

064080 

X  Geminorum 

Md5 

122532 

T  Canis  Venat. 

Mc. 

043065 

T  Camelop. 

Pec. 

071713 

V  Geminorum 

Md5 

175519 

RY  Herculis 

Md? 

048274 

X  Camelop. 

Md6 

073508 

U  Canis  Miu. 

Mb 

195202 

RR  Aquilae 

Md 

045307 

R  Orionis 

Md  ? 

083850 

—  Ursae  Major 

Md 

203816 

S  Delphini 

Mc. 

REMARKS. 

0049.58.  The  spectrum  of  this  star  is  given  us  N?  in  the  Pro-  I  032043.  The  spectrum  of  tliis  star  is  given  as  N?  in  the  Pro- 
visional Catalogue  of  Variable  Stars,  Annals  XLVIII,  visional  Catalogue  of  Variable  Stars,  Annals  XLVIII, 
No.  III.  Plate  I32r,18.  taken  on  February  10,  11)0.5,  No.  III.  Plate  132279,  taken  on  November  7,  1904, 
shows  the  spectrum  of  this  star  as  Class  Mb.5c.                1  shows  the  spectrum  as  Na,  or  similar  to  U  Hydrae. 
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0430G5.  The  spectrum  of  this  star  is  given  as  N  in  tlie  Pro- 
visional Catalosue  of  Variable  Stars,  Annals  XLVIII, 
No.  III.  Plate  132380,  taken  on  December  1,  I!M)4, 
shows  that  this  spectrum  is  Peculiar.  The  lines  11/3 
and  a  wide  band  about  4G70  are  present  and  dark,  and 
the  faint  spectrum  extends  to  He.  On  a  poor  plate  tliis 
might  readily  be  mistaken  for  a  fourth  type  spectrum. 


This  image  was  carefully  compared  with  a  chart  plate, 
I  H12!t,  taken  on  December  3,  1805. 
'>:i02.  The  spectrum  of  this  star  is  given  as  Md?  in 
the  Provisional  Catalogue  of  Variable  Stars,  Annals 
XLVIII,  No.  III.  Plate  B  22023,  taken  on  October 
10,  1898,  shows  that  the  spectrum  is  Md,  having  the 
lines  He,  H5,  and  H7  bright,  and  resembling  R  Hydrae. 


Ill  many,  if  not  all,  of  the  variable  stars  of  long  period  the  bright  hydrogen 
lines  are  not  present  when  the  star  is  faint.  Accordingly,  stars  whose  spectra  are 
given  as  JVIb,  or  Mc  in  Table  II,  may  later  be  found  to  have  spectra  of  Class  Md. 


EDWARD   C.   PICKERING. 


May  5,  190.5. 


Hakvard  college  observatory.  ^° 
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A  PROBABLE  NEW   STAR,   RS  OPfflUCHI. 

New  stars  can  be  distinguished  from  variables,  in  many  cases,  only  by  their 
spectra  The  usual  life  of  a  new  star  is  marked  by  its  sudden  appearance,  where 
no  star  is  previously  known  to  have  existed,  and  a  gradual  fading  away  dmnng 
which  it  changes  mto  a  gaseous  nebula.  But  the  New  Star  of  1866,  TCoronae, 
had  ah-eady  been  recorded  in  the  Bonn  Durchmusterung,  and  is  still  visible  as  a 
star  of  the  tenth  magnitude.  The  New  Star  of  1901,  Nova  Persei  No.  2  was 
shown  by  earlier  photographs  to  be  a  very  famt  variable,  and  the  New  Star  of  1600, 
PCygni  is  still  well  seen  as  a  star  of  the  fifth  magnitude,  which  does  not  now 
vary  perceptibly.  Moreover,  ,  Carinae  appears  as  a  star  of  the  seventh  magmtude, 
aft;r  undergoing  great  and  irregular  changes  in  light  during  nearly  a  century^ 

Fro,n  the  Draper  Memorial  photographs  it  has  been  shown  that  the  spectra  of 
variables  of  long  period  are  generally  either  of  the  third  type  Class  Md,  in  which 
one  or  more  of  the  hydrogen  Hues,  H8,  Ry,  and  H^  but  not  H.  are  bright,  or  o 
the  fourth  type,  Class  N.  The  spectra  of  the  bright  novae  are  very  complex,  bu 
when  faint  eve;  at  maximum  only  a  few  bright  Unes  are  visible  These  consist 
of  the  hydrogen  lines  He,  H8,  H„  and  H^  and  one  or  more  bright  hues  between 
4600  and  4700,  which  appear  to  coincide  >vith  the  characteristic  bands  of  spectra 
of  the  fifth  type.     Nova  Centauri,  however,  had  a  wholly  different  spectrum. 

In  Circular  No.  76,  Mrs.  Fleming   pointed  out   that  the  spectnnn  of   the  stai 
17U06,  RS  Ophiuchi,  on  July  15,  1898,  was  of  the  third  type  in  which  the  hydrogen 
Hn  s  HC    He,  H8,  H„  and  H^  were  bright,  and  al«o  two  lines  which  appea.-  to 
Lrci^e'with  the'brigi.  bands  4656  .and  4691,  in  .Velorum.     As  t  e.^^^^^^^^^^ 
a  width  of  several  units  and  are  sometimes  brighter  on  one  edge  than  on  the  other, 
tTs    mlble  to  give  their  exact  wavelengths.     This  spectrum,  there  ore,  closely 
lembrthat  of  Nova  Sagittarii  and  Nova  Geminorum      A  photograp     taken  o 
thelreceding  day,  July  U,  confirms    the    presence  of   these   hues,  while  a  photo- 
;'  ph  takt'on  August  28,  1894,  showed  that  at  that  time  the  ^^^^^ 
^  ^  -1  t  \   ;^u+  iinp«       Mrs    Fleming  s  record  in    loyy,  aiici 

Class  K,  with  no  evidence  of  bright  lines.      Mis.  ricuu  g 

examining  the  first  of  these,  was  "Nova?'" 
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TABLE   I. 

ANNUAL    RESULTS. 


Year. 

No. 

Mean. 

A.D. 

Tear. 

No. 

Mean. 

A.D. 

1888 

1 

10.86 

1898 

11 

1890 

2 

10.88 

.02 

1899 

14 

10.56 

.26 

1891 

2 

10.78 

.02 

1900 

24 

9.67 

.32 

1892 

4 

10.65 

.11 

1901 

34 

9.82 

.23 

1893 

7 

10.26 

.10 

1902 

41 

9.97 

.18 

1894 

6 

10.46 

.28 

1903 

26 

10.28 

.20 

1895 

6 

10.36 

.07 

1904 

51 

10.24 

.18 

1896 

9 

10.21 

.18 

1905 

4 

9.78 

.26 

1897 

11 

10.50 

.23 

Miss  Cannon,  from  an  examination  of  the  light  curve,  called  attention  to  the 
remarkable  increase  in  the  light  of  this  star  which  took  place  in  1898.  The  star 
has  been  photographed  at  this  Observatory  each  year  .since  1888,  except  in  1889. 
The  year,  number  of  photographs,  mean  magnitude,  and  average  deviation  of  the 
separate  results  are  given  in  Table  I.  The  individual  results  in  1898  are  given 
in  Table  II. 

TABLE  n. 
RESULTS   FOR   1898. 


Dan. 

Mugn. 

Date. 

Mugn. 

April 

2 

10.70 

August        15 

9.27 

May 

27 

10.76 

20 

9.32 

u 

31 

10.81 

September    7 

10.00 

Juue 

30 

7.69 

29 

10.28 

July 

14 
15 

8.26 
8.22 

October         8 

10.81 

It  will  be  seen  from  these  tables  that  the  star  appears  to  have  had  the  magnitude 
10.9,  before  1891,  then  increasing  gradually  about  half  a  magnitude  to  10. -4  and 
retaining  this  brightness  during  1893  to  1897.  In  1898,  it  was  at  first  faint, 
magnitude  10.8,  until  May  31.  A  month  later,  on  Jime  30,  it  was  more  than  three 
magnitudes  brighter,  or  7.7,  and  decreased  regularly  about  a  magnitude  a  month 
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until  October  8,  when  it  was  again  magnitude  10.8.  The  following  year,  1899,  it 
remained  faint,  10.6,  but  in  1900  it  attained  the  magnitude  9.3  in  April,  diminishing 
to  10.0  in  September.  This  change  accounts  for  the  large  average  deviation  in 
the  fourth  column.  Since  then,  the  variations  have  been  slight  An  examination 
of  several  good  chart  plates,  shows  only  one  star  in  this  position. 

Nearly  all  of  the  objects  mentioned  above  are  shown  on  the  Hai'vard  Map  of 
the  Sky.  RS  Ophiuchi  appears  on  Plate  31,  [118,  58];  T  Coronae,  on  Plate  18, 
[113,59];  Nova  Persei,  No.  2,  on  Plate  12,  [131,  185];  P  Cygni,  on  Plate  20, 
[72,  149];  TjCarinae,  on  Plate  50,  [153,  64];  y  Velorum,  on  Plate  49,  [155,  168]; 
and  Nova  Geminorum,  on  Plate  13,  [39,  107]. 

Both  the  spectrum  and  the  light  curves  therefore  indicate  that  this  object  should 
be  regarded  as  a  Nova,  rather  than  a  variable  star,  and  its  proper  designation  will 
be  Nova  Ophiuchi,  No.  3,  the  new  stars  of  1604  and  1848  having  also  appeared 
in  the  same  constellation. 

P:DWARD    C.    PICKERING. 

May  15.   1905. 
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VARIABLE   STARS  IN  THE   CLUSTERS  MESSIER   3   AND   MESSIER  5. 

A  Discussiox  of  the  variable  stars  in  the  Cluster  a,  Centauri  is  given  in 
Volimie  38  of  the  Harvard  Annals.  A  continuation  of  this  work  is  now  in  progress, 
and    Professor  Bailey  has  given  below  some  of   the  conclusions  at  which  he  has 

arrived. 

The  determmation  of  the  elements  of  the  Variable  Stars  in  the  clusters,  Messier 
3,  N.G.C.  5272,  and  Messier  5,  N.G.C.  5904,  except  for  some  minor  corrections,  is 
now  completed.  The  results  obtained  are  in  harmony  with  the  preUminary  announce- 
ments which  have  already  been  made  in  the  H.  C.  0.  Circulars,  Nos.  2,  18,  24,  33, 
and  52,  and  m  the  Astrophysical  Journal,  10,  255. 

In  the  ratio  of  the  number  of  variables  found  to  the  whole  number  of  stars 
examined,  these  clusters  are  the  most  remarkable  yet  discovered,  the  proportion 
beino-  one  to  seven  for  Messier  3,  and  one  to  eleven  for  Messier  5.  The  more 
complete   study  of   these   clusters  will   only   slightly,  if   at   all,  modify  the   figures 

ah-eadv  pubUshed. 

In"'  such  small  and  closely-packed  clusters  many  of  the  stars  are  measured  only 
with  difficulty.  Of  the  129  stars  in  Messier  3,  whose  variability  has  been  verified 
bv  measurements  on  many  plates,  definite  periods  have  been  determined  for  109. 
The  number  of  periods  found  for  the  variables  in  Messier  5  is  65,  out  of  87  stars 
whose  variabihtY  has  been  established  by  the  measiu-ements.  In  both  these  clusters, 
the  similaritv  among  the  variables  is  remarkable.  Only  two  stars  appear  to  be 
exceptions  to  this  rule,  Nos.  42  and  50,  in  Messier  5,  whose  periods  are  20". -4,  and 
105'' 6  respectively.  All  the  other  variables  of  both  clusters,  whose  periods  are 
knoAvn'  63  m  the  case  of  Messier  5,  and  109,  in  Messier  3,  have  periods  varying 
little  from  U\  AH,  or  nearly  aU,  of  them  belong  to  Class  IV,  Subclass  a.  Harvard 
Annals  38  132  The  mean  period  of  all  the  variables  in  Messier  3  is  0<'.d42,  or 
IB''  0™,'  and  for  Messier  5,  omitting  Nos.  42  and  50,  0^.531,  or  12'^  45"'.  The  greatest 
difference  from  the  mean  is  O^.iee  for  Messier  3,  and  0'a68  for  Messier  f),  about  4' 
in  each  case.     There  are  few  such  large  cUfterences,  however,  the  average  deviation 
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from  the  mean  period  being  0''.042,  or  1"  0"  for  Messier  3,  and  0<*.051,  or  I''  13™  for 
Messier  5.  In  Messier  3,  there  are  15  periods,  and  in  Messier  5,  5  periods,  which 
differ  from  the  mean  by  less  than  0''.01.  All  the  variables  are  of  about  the  same 
brightness,  varying  between  the  thirteenth  and  the  sixteenth  magnitudes,  although 
the  stars  of  Messier  3  are  somewhat  fainter  than  those  of  Messier  5. 

The  observations  included  in  the  present  discussion  cover  a  period  of  about 
twelve  years  in  the  case  of  Messier  5,  and  of  about  five  years  in  the  case  of 
Messier  3.  This  involves  an  average  of  about  8,350  returns  of  maximum  for  the 
variables  of  Messier  5,  and  3,300  for  Messier  3.  This  furnishes  so  much  data  for 
the  careful  determination  of  the  periods,  that  the  latter  are  proliably  correct  in 
most  cases  A\dthui  a  few  tenths  of  a  second. 

In  H.  C.  0.  Circular  No.  52,  the  rapidity  of  the  increase  of  Ught  for  three 
variables  in  Messier  3,  Nos.  11,  96,  and  119,  was  discussed.  No  reason  has  been 
found  for  modifying  the  results  given  in  this  Circular.  Many  other  variables,  both 
in  Messier  3  and  Messier  5,  have  been  found,  in  which  the  rapidity  of  the  increase 
of  Kght  is  nearly  equal  to  that  of  the  stars  mentioned  above,  but  no  variable  has 
been  foimd  in  which  the  increase  of  light  appears  to  be  more  rapid  than  that  of 
Messier  3,  No.  96. 

In  the  Harvard  Annals,  38,  182,  the  suggestion  was  made  in  the  case  of  oj  Centauri, 
No.  36,  that  the  period  perhaps  underwent  a  secular  variation  in  length.  This 
suggestion  appears  to  be  confirmed  by  a  considerable  number  of  the  variables 
ia  Messier  3,  and  Messier  5.  This  subject  will  be  discussed-  more  fully  in  a  forth- 
coming volume  of  these  Annals,  in  cormection  with  the  stud}-  of  the  above 
clusters. 

EDWARD    C.  PICKERING. 

aiAT  y,   1905. 
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